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1 . A method of treating a coal formation in situ, comprising: 

prWding heat from one or more heat sources to at least one portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controllin&the heat from the one or more heat sources such that an average 
temperature within \t least a majority of the selected section of the formation is less than 
about 375 °C; and 

producing a mi&ure from the formation. 



2. The method of claim 1, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 

15 pyrolyzes at least some coal w\hin the pd^ected section of the formation. 

3. The method of claim 1, whWefti enrolling formation conditions comprises 
maintaining a temperature within the^lecteo^section within a pyrolysis temperature 
range. 



„n 20 



4. The method of claim 1, wherein throne or more heat sources comprise electrical 
heaters. 

5. The method of claim 1, wherein the one ok more heat sources comprise surface 
25 burners. 

6. The method of claim 1, wherein the one or more^jeat sources comprise flameless 
distributed combustors. 



30 7. The method of claim 1, wherein the one or more heat sources comprise natural 
distributed combustors. 



Conley, Rose & Tayon, P C. 



8. The method of claim 1, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure^ is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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9. The method of claim 1 , further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to at least one of 
the one or more heat^ources. 

10. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to a production 
well located in the formatio£ 



1 1 . The method of claim 1 , fitrther 
average heating rate of the selecte 
pyrolysis. 



comprising controlling the heat such that an 



12. The method of claim 1 , wherei n providing heat from the one or more heat sources 
to at least the portion of formation coppris 

heating a selected volume (V) of the (5oal formation from the one or more heat 
sources, wherein the formation has an average heat capacity(C v ), and wherein the heating 
pyrolyzes at least some coal within the selected vMume of the formation; and . 

wherein heating energy/day provided to the\olume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*Cv*p B 

wherein Pwr is the heating energy/day, h is an average heating rate ofthe 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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13. The method of claim 1, wherein allowing the heat to transfer from the one or 
more hea^sources to the selected section comprises transferring heat substantially by 
conduction; 

5 14. The metk>d of claim 1, wherein providing heat from the one or more heat sources 
comprises heatingVhe selected section such that a thermal conductivity of at least a 
portion of the select^ section is greater than about 0.5 W/(m °C). 

15. The method of claim 1, wherein the produced mixture comprises condensable 
10 hydrocarbons having an Afl gravity of at least about 25°. 

16. The method of claim K wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abourt 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



15 



hydrocarbons, and wherein a molar rati\o 



1 7. The method of claim 1 , wherem th ; produced mixture comprises non-condensable 



eraene tp^thane in the non-condensable 



hydrocarbons ranges from about 0.001 to\tyout %15. 

20 18. The method of claim 1, wherein the jWkiuced mixture comprises non-condensable 
hydrocarbons, and wherein about 0.1 % by w^ig^it to about 15 % by weight of the non- 
condensable hydrocarbons are olefins. 



1 9. The method of claim 1, wherein the produced fixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weigft^ when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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20. The method of claim 1, wherein the produced mixture Comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when Calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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2 1 . The method of claim 1 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

22. The method of claim 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



10 23. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic \ompounds. 

24. The method of claim 1 , Wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less man about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring^arom^tics with more than two rings. 
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25. The method of claim 1, whereih tHe jJt/duced mixture comprises condensable 
hydrocarbons, and wherein less than abo\ft y3\ by weight of the condensable 
hydrocarbons are asphaltenes. ft 



26. The method of claim 1 , wherein th 
hydrocarbons, L and wherein about 5 % by 
condensable hydrocarbons are cycloalkanis 



i produced mixture comprises condensable 
ghtto about JO % by weight of the 



wei 



27. The method of claim 1, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume\)f the non-condensable 
component, and wherein the hydrogen is less than about 80 %\y volume of the non- 
condensable component. 
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28. T\he method of claim 1, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

29. The method of claim 1 , wherein the produced mixture comprises ammonia, and 
5 wherein the ammonia is used to produce fertilizer. 

30. The methodVf claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

10 

3 1 . The method of clami 1 , further comprising controlling formation conditions such 
that the produced mixture emprises a partial pressure of H2 within the mixture greater 
than about 0.5 bar. 

15 32. The method of claim 3 1 , \kvfyerei]^ the partial pressure of H2 is measured when the 
mixture is at a production well. 
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33. The method of claim 1, whe 
recirculating a portion of hydrogen 




fin controlling formation conditions comprises 
the mixture into the formation. 



34. The method of claim 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocai^ons from the formation having carbon 
numbers greater than about 2_5.__ 



25 35. The method of claim 1 , further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from^hydrogenation. 



222 



Conley, Rose & Tayon, P.C 



36. ^he method of claim 1, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 37. The method of claim 1 , wherein allowing the heat to transfer comprises increasing 
a permeability of a majority of the selected section to greater than about 100 millidarcy. 

38. The method oY claim 1, wherein allowing the heat to transfer comprises 
substantially uniformlAincreasing a permeability of a majority of the selected section. 
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39. The method of clami 1, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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40. The method of claim 1, Wherein producing the mixture comprises producing the 
mixture in a production well, anawj^ein at least about 7 heat sources are disposed in the 
formation for each production wel) 



lion, 



4 1 . The method of claim 1 , furtlhe\ c/m 
sources to at least a portion of the 
are located in the formation in a un 
comprises a triangular pattern. 



ising providing heat from three or more heat 
erein three or more of the heat sources 
t of fteat sources, and wherein the unit of heat sources 



42._ The method of claim J, further compkjsingprovidingheat fromthreeormore heat- 
sources to at least a portion of the formation, wherein three or more of the heat sources 
25 are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern ofiunits. 



43. The method of claim 1, further comprising separating the produced mixture into a 
30 gas stream and a liquid stream. 
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44. the method of claim 1, further comprising separating the produced mixture into a 
gas stream^ and a liquid stream and separating the liquid stream into an aqueous stream 
and a non-aqueous stream. 

5 45. The method of claim 1, wherein the produced mixture comprises H2S, the method 
further comprising separating a portion of the H2S from non-condensable hydrocarbons. 

46. The method of claim 1 , wherein the produced mixture comprises CO2, the method 
further comprising separating a portion of the C0 2 from non-condensable hydrocarbons. 

10 

47. The method of clafioi 1, wherein the mixture is produced from a production well, 
wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. 

15 48. The method of claim 1, ^ereiiTfche mixture is produced from a production well, 
the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within tlje Vellbpr^ 

49. The method of claim 1, wherein\fyeAhixture is produced from a production well, 
20 wherein a wellbore of the production welRcomprises a heater element configured to heat 
the formation adjacent to the wellbore, and further comprising heating the formation with 
the heater element to produce the mixture, \vftpein the mixture comprises a large non- 
condensable hydrocarbon gas component aric 

25 50. The method of claim 1 , wherein the minimi!^ pyrolysis temperature is about 270 
°C. 
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5 1 . The method of claim 1 , further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. 
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52. The method of claim 1 , further comprising controlling pressure within the 
formationun a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead o\& production well, to control an amount of condensable hydrocarbons within 
the produced Vixture, wherein the pressure is reduced to increase production of 

5 condensable hydrocarbons, and wherein the pressure is increased to increase production 
of non-condensable hydrocarbons. 

53. The method onclaim 1 , further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 

10 wellhead of a production well, to control an API gravity of condensable hydrocarbons 
within the produced mixturei wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the API gravity. 
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n in situ, comprising: 
heat sources to at least a portion of the 



54. A method of treating a cc 
15 providing heat from one or 

formation; 

allowing the heat to transfer from at least the portion to a selected section of the 
formation substantially by conduct^ on Wheat; 

pyrolyzing at least some hydrocafbons within the selected section of the 
20 formation; and 

producing a mixture from the formation. 



55. The_method of claim 54, wherein the one or more heat sourees.comprise at least 
two heat sources, and wherein superposition of Heat from at least the two heat sources 

25 pyrolyzes at least some hydrocarbons within the Selected section of the formation. 

56. The method of claim 54, wherein the one or rpore heat sources comprise electrical 
heaters. 



30 57. The method of claim 54, wherein the one or more^ieat sources comprise surface 
burners. 
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58. The method of claim 54, wherein the one or more heat sources comprise flameless 
distributee! combustors. 

5 59. The method of claim 54, wherein the one or more heat sources comprise natural 
distributed conxbustors. 
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60. The methodyf claim 54, further comprising controlling a pressure and a 
temperature within akleast a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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61. The method of clain\54, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0 ° C per day during 
pyrolysis. 



62. The method of claim 54, wft^reiri 
sources to at least the portion of foraJ&ticJn j 

heating a selected volume (V) otjme co; 



viding heat from the one or more heat 
prises: 

formation from the one or more heat 



sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons witran the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
jyherein Pwr is calculated bythe equation: 

Pwr = h*V*C*p B 

wherein Pwr is the heating energy/day, h\s an average heating rate of the 
formation, p B is formation bulk density, and wherd[n the heating rate is less than about 10 
°C/day. 



63. The method of claim 54, wherein providing hea\from the one or more heat 
30 sources comprises heating the selected section such that aVthermal conductivity of at least 
a portion of the selected section is greater than about 0.5 Wm °C). 
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64. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

65. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbonsAand wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

66. The method of claim 54, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

67. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hVdrocarrains is nitrogen. 

68. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lesathan abym 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbotis is oxygen. 

69. The method of claim 54, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than Vbout 1 % by weight, when calculated on an atomic 
basis,_of jthe condensable hydrocarbqn&is^lfiar. . . _ 

70. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weightVo about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. * 
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71 . l\he method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbon^ are aromatic compounds. 

72. The metrk>d of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, anck wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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73. The method of ciaim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenfes. 



wner< 



74. The method of claim 5 
hydrocarbons, and wherein abou\ 5 
condensable hydrocarbons are cycldalkan 



75. The method of claim 54, wh 
condensable component, wherein 
wherein the hydrogen is greater 
component, and wherein the hydro: 
condensable component. 



the produced mixture comprises condensable 
Vo b\ weight to about 30 % by weight of the 



thai 



duced mixture comprises a non- 
h^n-condensable component comprises hydrogen, 
t 1 0 % by volume of the non-condensable 
en is l$ss than about 80 % by volume of the non- 
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76. The method of claim 54 A whereinJhe prbduced mixture compr ises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

77. The method of claim 54, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



78. The method of claim 54, further comprising controlling a pressure within at least 
30 a majority of the selected section of the formation, whereimfhe controlled pressure is at 
least about 2.0 bar absolute. 
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79. Tflie method of claim 54, further comprising controlling formation conditions to 
produce a Vixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the nrjxture is greater than about 0.5 bar. 

5 \ 

80. The method of claim 79, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

81 . The method oK claim 54, further comprising altering a pressure within the 
10 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 
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82. The method of claim^i4, wherein controlling formation conditions comprises 
recirculating a portion of hydnogen from the mixture into the formation. 



83. The method of claim 54, 
providing hydrogen (H2) 

within the section; and 

heating a portion of the secti 



comprising: 

tjie heated section to hydrogenate hydrocarbons 
_wim heat from hydrogenation. 



84. The method of claim 54, wherem the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method mrther comprising hydrogenating a portion of the 
produced_condensable hydrocarbons withWleast a portion.of the produced. hydrogen 



25 85. The method of claim 54, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the^elected section to greater than about 100 
millidarcy. 



86. The method of claim 54, wherein allowinathe heat to transfer comprises 
30 substantially uniformly increasing a permeability ota majority of the selected section. 
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87. The method of claim 54, further comprising controlling the heat to yield greater 
than abouMiO % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

88. The mkhod of claim 54, wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for eacntoroduction well. 
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89. The method ofVlaim 54, further comprising providing heat from three or more 
heat sources to at least abortion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



90. 
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The method of claim 54\further comprising providing heat from three or more 



heat sources to at least a portion of the 
sources are located in the formatio^in 
sources comprises a triangular patte: 
over an area of the formation to form 




^rmation, wherein three or more of the heat 
lit of heat sources, wherein the unit of heat 
?in a plurality of the units are repeated 
pattern of units. 



91 . A method of treating a coal for nation in situ, comprising: 

providing heat from one or mo :e hb&t sources to at least a portion of the 
formation; 

allowing the heat to transfer from the ^ne or more heat sources to a selected 
section of the formation: and 
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heating the selected section such that a toermal conductivity of at least a portion 
of the selected section is greater than about 0.5 w\m °C). 



92. The method of claim 91, wherein the one or mWe heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected Section of the formation. 



30 
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93. The method of claim 91, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 94. The m^Jiod of claim 91, wherein the one or more heat sources comprise electrical 
heaters. 

95. The method ^f claim 91, wherein the one or more heat sources comprise surface 
burners. 

10 

96. The method of cla^p 91 , wherein the one or more heat sources comprise flameless 
distributed combustors. 

97. The method of claim 9 1\ wherein the one or more heat sources comprise natural 
15 distributed combustors. 
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98. The method of claim 91 , farmer comprising controlling a pressure and a 
temperature within at least a majority ^th^Spec ted section of the formation, wherein 
the pressure is controlled as a function/g^ temperature, or the temperature is controlled as 
a function of pressure. 
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99. The method of claim 91 , furtner comprising controlling the heat such that an 
average heating rate of the selected section isifss-than about 1 °C per day during 
pyrolysis. 

1 00. The method of claim 91 , wherein providinjMieat from the one or more heat 
sources to at least the portion of formation comprises 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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/herein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein mvr is calculated by the equation: 
Pvbk = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B \ formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



10 



25 



101. The methoa of claim 9 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

102. The method of alaim 91 J wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity o\at le^sf about 25°. 



1 03 . The method of claim ^9 1 
15 hydrocarbons, and wherein ab« 



condensable hydrocarbons are cfefins. 



1 04. The method of claim 9 1 
condensable hydrocarbons, anc 



%by 



Le produced mixture comprises condensable 
eight to about 1 5 % by weight of the 



wn^rein the produced mixture comprises non- 
wher&in a molar ratio of ethene to ethane in the non- 



20 condensable hydrocarbons ranges frormabout 0.001 to about 0.15. 

105. The method of claim 91, wherein me produced mixture comprises condensable 
__ hydrocarbons, and wherein less_than about V %.by_weight,_when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



106. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % bj^veight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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107. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of fye condensable hydrocarbons is sulfur. 

1 08. The Method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons\ wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



10 1 09. The methoa of claim 9 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1 10. The method of claim 91A Wherein the produced mixture comprises condensable 
15 hydrocarbons, and whereto lesi than abou^S % by weight of the condensable 
hydrocarbons comprises multifring Wfmatics with more than two rings. 
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111. The method of claim <! 
hydrocarbons, and wherein le 
hydrocarbons are asphaltenes. 



112. The method of claim 9 1 
hydrocarbons , and wherein ab 
condensable hydrocarbons are 



U wherein the produced mixture comprises condensable 
ithan about 0.3 % by weight of the condensable 



wUerein the produced mixture comprises condensable 

:>_ut 5_%iy_we_ight to ab_aut_3 0 _%. by_weight of the - 
cycloalkanes. 



113. The method of claim 9 1 , wherein me produced mixture comprises a non- 
condensable component, wherein the non-cWdensable component comprises hydrogen, 
wherein the hydrogen is greater than about 101% by volume of the non-condensable 
component, and wherein the hydrogen is less tftan about 80 % by volume of the non- 
condensable component. 
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114. The method of claim 91 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

\ > 

115. The method of claim 91, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

116. The method of claim 91, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

117. The method of claim 91, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greate^ha^ abb^ut 0.5 bar. 

15 118. The method of claim 1 1^, ^Hereip the partial pressure of H2 is measured when the 
mixture is at a production well.i 

1 19. The method of claim 9fl, further comprising altering a pressure within the 
formation to inhibit production of hyqpcarbons from the formation having carbon 
20 numbers greater than about 25 . 



120. The method of claim 91 , wherein controlling formation conditions comprises 
-recirculating a portion_of hydrogen from th&.mixture into_the formation. 



25 121. The method of claim 9 1 , further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat frW hydrogenation. 
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122. The method of claim 91, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 123. The method of claim 91 , wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1 24. The methocnof claim 91 , wherein allowing the heat to transfer comprises 
10 substantially uniformly increasing a permeability of a majority of the selected section. 

125. The method of daim 91, further comprising controlling the heat to yield greater 
than about 60 % by weigmt of condensable hydrocarbons, as measured by Fischer Assay. 



H s 
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126. The method of clain\91 
mixture in a production well 
formation for each production 



herein producing the mixture comprises producing the 
d Wherein at least about 7 heat sources are disposed in the 



127. The method of claim 91 , flurther^omprising providing heat from three or more 
heat sources to at least a portion oMie formation, wherein three or more of the heat 
sources are located in the formation\n a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 



128. The method of claim 91, furtherVomprising providing heat from three or more 
25 heat sources to at least a portion of the fomiation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 129. A method of treating a coal formation in \itu, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formatioi , 

&wingthe heat to transfer from the one or more heat sources to a selected 
section of tl>e formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 370 °C sucxi that production of a substantial amount of hydrocarbons having carbon 
numbers greater tnan 25 is inhibited; 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein tBp controlled pressure is at least 2.0 bar; and 

producing a mixture from the formation, wherein about 0.1 % by weight of the 
produced mixture to about 15 % by weight of the produced mixture are olefins, and 
wherein an average carboii number of the produced mixture ranges from 1-25. 



15 130. The method of claim\29, wqer^n the pja^or more heat sources comprise at least 
two heat sources, and whereinWpeifcosi&5ri of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbon^ within the selected section of the formation. 

131. The method of claim 1 29, /wherein controlling formation conditions comprises . 
20 maintaining a temperature with|i/th^ selected section within a pyrolysis temperature 
range. 



25 



.132. The method of elaim_129, whereip.the one or more heat sources-comprise 

electrical heaters. 

133. The method of claim 129, wherein tnk one or more heat sources comprise surface 
burners. 



134. The method of claim 129, wherein the on^)r more heat sources comprise 
30 flameless distributed combustors. 
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135. The method of claim 129, wherein the one or more heat sources comprise natural 
distributed combustors. 

136. TheVnethod of claim 129, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

137. The method of claim 129, further comprising controlling the heat such that an 
average heating rate\of the selected section is less than about 1 °C per day during 
pyrolysis. \ 



138. The method of c 
sources to at least the po 
heating a selected 



im 129, wherein providing heat from the one or more heat 
bjoi^pf formation comprises: 
)lun*e (V) of Ae-c6al formation from the one or more heat 
sources, wherein the formktrbn haisarfaverage heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hyarob^onVwithin the selected volume of the formation; and 
wherein heating energyMay proWed to the volume is equal to or less than Pwr, 
wherein Pwr is calculatgdJ^the\equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the Heating Energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

-°C/day.- - 

139. The method of claim 129, whereiA allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

140. The method of claim 129, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than ab\ut 0.5 W/(m °C). 
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141 . The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

142. The method of claim 129, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

143. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and \wierein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



144. The method of claim 12 
hydrocarbons, and whereindess 
basis, of the condensable hyaro 



145. The method of claim 1 
hydrocarbons, and wherein les: 
basis, of the condensable hydrc 



wherein the produced mixture comprises condensable 
about 1 % by weight, when calculated on an atomic 
arbWis is oxygen. 



■erem the produced mixture comprises condensable 
Iftpn abouri^/o by weight, when calculated on an atomic 
carftpns is sulfur. 



146. The method of claim it 9, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containin^compounds, and.wherein the oxygen 
containing compounds comprise phenols. 



147. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20^0 by weight of the condensable 
hydrocarbons are aromatic compounds. 
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148. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



5 149. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes . 

150. The method of claim 129, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

151. The method of claim 1 29, wlArein the produced mixture comprises a non- 
condensable component, wtterein ttte non-condensable component comprises hydrogen, 

15 wherein the hydrogen is greatW th/in aqput 10 % bj^vClume of the non-condensable 
component, and wherein the hjMrpgen i^le^fhan about 80 % by volume of the non- 
condensable component. 

152. The method of claim Wherein the jftoduced mixture comprises ammonia, and 
20 wherein greater than about 0.04 % b\ weight of the produced mixture is ammonia. 

153. The method of claim ¥29, where\n the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer .._ - 

25 154. The method of claim 129, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 b£ 



155. The method of claim 1 54, wherein the pai\ial pressure of H2 is measured when the 
30 mixture is at a production well. 
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156. The method of claim 129, further comprising altering a pressure within the 
formatioimo inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

157. The method of claim 129, further comprising: 
providin^iydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; Vnd 

heating a portion of the section with heat from hydrogenation. 

158. The method of claim 1 29, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

159. The method of claim lv9, wnerefin allowing the heat to transfer comprises 
increasing a permeability of a m^jor/ty oj the selected section to greater than about 100 
millidarcy. 

160. The method of claim 129, wherein alfbwing the heat to transfer comprises 
substantially uniformly increasing Ja permeability of a majority of the selected section. 

161 . The method of claim 129,mirther Comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



162. The method of claim 129, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at\[east about 7 heat sources are disposed in 
the formation for each production well. 

163. The method of claim 129, further comprising Woviding heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located iivthe formation in a unit of heat sour\es, and wherein the unit of heat 
sources comprises a triangular pattern. 
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164. The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources areyocated in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area oVthe formation to form a repetitive pattern of units. 

165. The methbd of claim 129, further comprising separating the produced mixture 
into a gas stream ahd a liquid stream. 

166. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueoias stream. \ 

167. The method of claim 129, whejpffi the produced mixture comprises H 2 S, the 
method further comprising sroaratfng abortion of the H2S from non-condensable 
hydrocarbons. X \ 

168. The method of claim 129, wherein the produced mixture comprises C0 2 , the 
method further comprising/ separative a portion of the C0 2 from non-condensable 
hydrocarbons. \ 

1-69-.- The method of-claim429, wherem the mixture is produced-from a production 

well, wherein the heating is controlled sudh that the mixture can be produced from the 
formation as a vapor. \ 

1 70. The method of claim 1 29, wherein the mixture is produced from a production 
well, the method further comprising heating a w\llbore of the production well to inhibit 
condensation of the mixture within the wellbore. \ 
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171. T\he method of claim 1 29, wherein the mixture is produced from a production 
well, wheflein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heatek element to produce the mixture, wherein the produced mixture comprise a 

5 large non-condensable hydrocarbon gas component and H2. 

172. The method^of claim 129, wherein the minimum pyrolysis temperature is about 
270 °C. 

10 173. The method of claim 129, further comprising maintaining the pressure within the 
formation above about 2.(^bar absolute to inhibit production of fluids having carbon 
numbers above 25. 



L= 15 
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174. The method of claim 129, further comprising controlling pressure within the 
formation in a range from about\atmos|&Keric pressure to about 100 bar absolute, as 
measured at a wellhead of a prodiWoii weJl, to control an amount of condensable fluids 
within the produced mixture; wherein the prassureis'feduced to increase production of 
condensable fluids, and wherein the ^ressuj^rl^ increased to increase production of non- 
condensable fluids. 

175. The method of claim 129, furthjer Comprising controlling pressure within the 
formation in a range from about atmospheAc pressure to about 100 bar absolute, as 
measured.at a wellhead of ^a_productionjwell\toxontrol an API gravity of condensable 
fluids within the produced mixture, wherein tHe pressure is reduced to decrease the API 
gravity, and wherein the pressure is increased tareduce the API gravity. 
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1 76. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat source^to at least a portion of the 
formation; 

allowing the heat to transfer from the one or moi^ heat sources to a selected 
section of the formation; 
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xontrolling a pressure within at least a majority of the selected section of the 
formation^ wherein the controlled pressure is at least about 2.0 bar absolute; and 
producing a mixture from the formation. 

177. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure witft a valve coupled to at least one of the one or more heat sources. 

178. The methodVf claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to a production well located in the formation. 

179. The method of ckim 176, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydfcocarb^n^ within the selected section of the formation. 



180. The method of claim lY6jwher] 
maintaining a temperature 
range. 



controlling formation conditions comprises 
withfti Jh£ sel&ted section within a pyrolysis temperature 



181. The method of claim 1 76, wn^rein the one or more heat sources comprise 
electrical heaters. 

182. The method of claim 176, wherei^the one or more heat sources comprise surface 
burners. 

183. The method of claim 176, wherein the\me or more heat sources comprise 
flameless distributed combustors. 



184. The method of claim 176, wherein the one\r more heat sources comprise natural 
distributed combustors. 
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185. Tihe method of claim 176, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled a function of temperature, or the temperature is controlled as a function of 
pressure. 

1 86. The method of claim 1 76, further comprising controlling the heat such that an 
average heating ra^e of the selected section is less than about 1 °G per day during 
pyrolysis. 



10 



15 



20 
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1 87. The method ofVlaim 1 76, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected Volume (V) of the coal formation from the one or more heat 
sources, wherein the formatoon has an ^verage heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons withm the selected volume of the formation; and 

wherein heating energVday provide^ to the volume is equal to or less than Pwr , 
wherein Pwr is calculated by thlj equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating Jenerg$^/day, lb is an average heating rate of the 
formation, p B is formation bulk de l^lyrafid wherein the heating rate is less than about 10 
°C/day. 



wherein allowing the heat to transfer comprises 
conduction. 



188. The method of claim 176. 
transferring heat s ubstan tially by 

189. The method of claim 176, wherein providing heat from the one or more heat 
sources comprises heating the selected section \uch that a thermal conductivity of at least 
a portion of the selected section is greater than al&out 0.5 W/(m °C). 



190. The method of claim 176, wherein the produced mixture comprises condensable 
30 hydrocarbons having an API gravity of at least about \5°, 
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191. Tttie method of claim 176, wherein the produced mixture comprises condensable 
hydrocambns, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



5 192. The memod of claim 176, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

193. The method oX claim 176, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensablahydrocarbdns is nitrogen. 



15 



194. The method of claim 176, whorein the produced mixture comprises condensable 
hydrocarbons, and wherein less than afcout 1 %^y weight, when calculated on an atomic 
basis, of the condensable hydmcarbonsWoxygen. 
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195. The method of claim 17oy whereinyie produced mixture comprises condensable 
hydrocarbons, and wherein less /than about 1 Vo by weight, when calculated on an atomic 
basis, of the condensable hydracarroons is sulfur. 

196. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hy drocarbons com prise oxygen containW_compounds,_and .wherein the oxygen _ _ 

containing compounds comprise phenols\ 

197. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than abou| 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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198. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarrons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 199. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, arm wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

200. The method onclaim 176, wherein the produced mixture comprises condensable 
10 hydrocarbons, and whe\ein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

201 . The method of claim 1 76, wherein the produced mixture comprises a non- 
condensable component, whetein the non-condensable component comprises hydrogen, 

15 wherein the hydrogen is greate\ than aftput 10 % by volume of the non-condensable 
component, and wherein the hya^ogeq i\less than about 80 % by volume of the non- 
condensable component. 

202. The method of claim 176, wlrerein/fne produced mixture comprises ammonia, and 
20 wherein greater than about 0.05 % by/^eight of the produced mixture is ammonia. 



25 



203. The method of claim 176, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is „use_d to produce fertilizer. 

T \ 

204. The method of claim 176, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbon^ and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



205. The method of claim 204, wherein the partia| pressure of H2 is measured when the 
30 mixture is at a production well. 
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206. 'Hie method of claim 176, further comprising altering a pressure within the 
formation\to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 207. The meuiod of claim 176, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

208. The methodW claim 176, further comprising: 
providing hyqrogen (H2) to the heated section to hydrogenate hydrocarbons 

10 within the section; and) 

heating a portionW the section with heat from hydrogenation. 

209. The method of claim 176, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

15 produced condensable hydrocarbon with at least a portion of the produced hydrogen. 

210. The method of claim 1 76YwhereiWdflowing the heat to transfer comprises 
increasing a permeability of a ri^pfy of\jie selected section to greater than about 100 
millidarcy. 

20 

211. The method of claim 1/76, whesein allowing the heat to transfer comprises 
substantially uniformly increasing a pemieability of a majority of the selected section. 

212. The method of claim 176, further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable Wirocarbons, as measured by Fischer Assay. 

213. The method of claim 176, wherein producing the mixture from the formation 
comprises producing the mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 
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214. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formatio) 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; 

controlling the heat from the one or more heat sources such that an average 
temperature withm at least a majority of the selected section of the formation is less than 
about 375 °C; and^ 

producing a krixture from the formation. 



15 



215. The method ofVlaim 214, wherein the one or more heat sources comprise at least 
two heat sources, and wherein sutpqposition of heat from at least the two heat sources 
pyrolyzes at least some hwrocarpons within the selected section of the formation. 

216. The method of claim wheWin controlling formation conditions comprises 
maintaining a temperature witMvtfie selected section within a pyrolysis temperature 
range. 



20 217. The method of claim 2[1 4, wherein the one or more heat sources comprise 
electrical heaters. 

218. ^_The method.of claim j214 5 _wher^in the one or-more-heat sources comprise surface 

burners. 
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219. The method of claim 214, wherein qje one or more heat sources comprise 
flameless distributed combustors. 



220. The method of claim 214, wherein the ol^e or more heat sources comprise natural 
30 distributed combustors. 
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221 . The method of claim 214, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function o\ pressure. 

222. The meuiod of claim 214, further comprising controlling the heat such that an 
average heating i^te of the selected section is less than about 1 °C per day during 
pyrolysis. 
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10 223. The method of claim 214, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
15 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated b\lh$ equation: 
Pwr - /?*F*C v */?£ 

wherein Pwr is the heating ene\gy/day^/z is an average heating rate of the 
formation, p B is formation bulkjqpnsityjijfm wherein the heating rate is less than about 10 
20 °C/day. 

224. The method of claim 214, wnerein allowing the heat to transfer comprises 
trans ferring heat substantiality : concmction - .. 



25 225. The method of claim 214, wherein providing heat from the one or more heat 

sources comprises heating the 'selected secrion such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



226. The method of claim 214, wherein the produced mixture comprises condensable 
30 hydrocarbons having an API gravity of at least apout 25°. 
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227. Tttie method of claim 214, wherein the produced mixture comprises condensable 
hydrocarlWs, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

5 228. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein. about 0. 1 % by weight to about 15 % by weight 
of the non-condeuisable hydrocarbons are olefins. 

229. The methoaof claim 214, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



15 
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230. The method of claim 
hydrocarbons, and where 
basis, of the condensable 

23 1 . The method of claim 



erein the produced mixture comprises condensable 
y weight, when calculated on an atomic 
irocarbonfc is/nitrogen. 



'whereinsihe produced mixture comprises condensable 
hydrocarbons, and wherein It s^ than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyc rooarbons is oxygen. 



232. The method of claim 
hydrocarbons, and wherein lfcss than 
basis, of-the condensable hydrocarbon: 



214, wherein the produced mixture comprises condensable 
bout 1 % by weight, when calculated on an atomic 

is sulfur. — — — 



25 233. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weigHt to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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234. T\he method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 235. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

236. The methoM of claim 214, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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237. The method of dlaim 21<#, therein the produced mixture comprises condensable 
hydrocarbons, and where^ aboit 5 V^b by weight to about 30 % by weight of the 
condensable hydrocarbonsWe (jyclo^lkanes. 

238. The method of claim 2tf 4, yfrer&n the produced mixture comprises a non- 
condensable component, whert&-the non^condensable component comprises hydrogen, 
wherein the hydrogen is greater man about 10 % by volume of the non-condensable 
component, and wherein the pydrogen is less than about 80 % by volume of the non- 
condensable component. 

239; -The method of claim-2 14, -wherJtin the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

240. The method of claim 214, wherein tne produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertiPLzer. 



241 . The method of claim 214, wherein controlling the heat further comprises 
30 controlling the heat such that coke production is inhibited. 
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242. The method of claim 214, further comprising controlling formation conditions to 
produce aVnixture of condensable hydrocarbons and H2, wherein a partial pressure of Ffe 
within the mixture>is greater than about 0.5 bar. 

5 243. The method of claim 242, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

244. The methockof claim 214, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
10 numbers greater than about 25. 
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245. The method of claim 214, wherein controlling formation conditions comprises 
recirculating a portion of ^drog^pttrom the mixture into the formation. 

15 246. The method of claim £1 4, further comprising: 

providing hydrogen (H^J to th\ headed section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of thelse&ion With heat from hydrogenation. 

20 247. The method of claim 2[14, wnferein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons wim at least a portion of the produced hydrogen. 



248. The method of claim 214, wherein allowing the heat to transfer comprises 
25 increasing a permeability of a majority of deselected section to greater than about 100 

millidarcy. 

249. The method of claim 214, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability opa majority of the selected section. 
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250. The method of claim 214, further comprising controlling the heat to yield greater 
than abou\60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

25 1 . The method of claim 214, wherein producing the mixture comprises producing 
the mixture in a\production well, and wherein at least about 7 heat sources are disposed in 
the formation for\ach production well. 
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252. The method oY claim 214, further comprising providing heat from three or more 
heat sources to at least h portion of the formation, wherein three or more of the heat 
sources are located in ths formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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253. The method of claim $14, further comprising providing heat from three or more 
heat sources to at least a porticm/bf\the formation, wherein three or more of the heat 



sources are located in the form: 
sources comprises a triangular 
over an area of the formation to 



ion \n a unit of heat sources, wherein the unit of heat 
JernXand wherein a plurality of the units are repeated 
foijn a repetithfe^pattera of units. 



in situ, comprising: 
te heat sources to at least a portion of the 



254. A method of treating a cbal 

providing heat from onej 
formation; 

allowing the heat to transfer fron\the one or more heat sources to a selected 
section of the formation; 



producing a mixture fijbm the formation, wherein at least a portion of the mixture 
is produced during the pyrolysis and the mixture moves through the formation in a vapor 
phase; and 

maintaining a pressure within at least a Majority of the selected section above 
about 2.0 bar absolute. 



30 255. The method of claim 254, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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256. The method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 

257. The m&hod of claim 254, wherein the one or more heat sources comprise 
electrical heaters 

258. The method^)f claim 254, wherein the one or more heat sources comprise surface 
10 burners. 

259. The method of claim 254, wherein the one or more heat sources comprise 
flameless distributed comfoustors. 



Li 



15 260. The method of claim\ 
distributed combustors. 
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lerein the one or more heat sources comprise natural 



261 . The method of claim 2:4\furtheWomprisirig controlling the pressure and a 
temperature within at least a majority of tHe selected section of the formation, wherein 



the pressure is controlled as a fi 
a function of pressure. 



rcti&n of temperature, or the temperature is controlled as 



262. - The method ofclaim 254,-furtheAcomprising controlling the heat such that an „_ 

average heating rate of the selected sectio\is less than about 1 °C per day during 
25 pyrolysis. 
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263. The method ofclaim 254, wherein providing heat from the one or more heat 
sources to at least the portion of formation composes: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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^herein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Bwr is calculated by the equation: 
Pwk= h*V*C v *p B 

wherW Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B 1^ formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

264. The methoctaf claim 254, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

265. The method of cBaim 254, wherein providing heat from the one or more heat 
sources comprises heatin&the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



15 266. The method of claim 234, Wherein the produced mixture comprises condensable 
hydrocarbons having an API gra^ ty of at feast aj^atit 25°. 
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267. The method of claim 254, 
hydrocarbons, and wherein about 1 



wherein the Woduced mixture comprises condensable 
1 % by weignUo about 15 % by weight of the 



20 condensable hydrocarbons are oleiins. 

268. The method of claim 254, \ therein tme produced mixture comprises non- 

condensable hydrocarbons, and wt erein about 0. 1 % by-weight to about l 5 %-by-weight 

of the non-condensable hydrocarboljig are olefin^ 



269. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar rati<^)f ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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270. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of thacondensable hydrocarbons is nitrogen. 

5 271 . The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, arid wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

272. The method of claim 254, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

273. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, wherein aboutV % by weight to about 30%' by weight of the condensable 

15 hydrocarbons comprise oxygeAconMnind compounds, and wherein the oxygen 
containing compounds compriseVhenols. \yS 

274. The method of claim 254, wherein the^produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compoundsA 

275. The method of claim 254, wherein me produced mixture comprises condensable 

- - - hydrocarbons,-and-wherein less than about^sVo by weight of the condensable — 

hydrocarbons comprises multi-ring aromatics with more than two rings. 
25 \ 

276. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % bV weight of the condensable 
hydrocarbons are asphaltenes. \ 
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277. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



10 



278. The method of claim 254, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, , 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wBerein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

279. The method of claim 254, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



280. The method of claim>254, 
15 wherein the ammonia is used 1 

281. The method of claim 254? 
production well. 



25 



prein the produced mixture comprises ammonia, and 
?e fertilizer. 



hereir 



pressure is measured at a wellhead of a 



20 282. The method of claim 254, when^in the pressure is measured at a location within a 
wellbore of the production well. I 

— -283.-— The method of claim-254, whereini^epressureismaintained below about. l_0.0_bar_ 
absolute. 



284. The method of claim 254, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons an*| H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



30 285. The method of claim 284, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 
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286. The method of claim 254, further comprising altering a pressure within the 
formationV) inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 \ 

287. The method of claim 254, wherein controlling formation conditions comprises 
recirculating a portiVi of hydrogen from the mixture into the formation. 

288. The method of qaim 254, further comprising: 
10 providing hydroge^j (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of th^section with heat from hydrogenation. 

O 

L 5l 289. The method of claim 254, wherein Yhe produced mixture comprises hydrogen and 

HF 15 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

H= A \ ^ 

iz produced condensable hydrocarbons with at kast a portion o£tne produced hydrogen. 

h 
W 

s_ 290. The method of claim 254, ^herefia allp^ng the heat to transfer comprises . 

D / vr \ 

jr increasing a permeability of a majority o£lfce selected section to greater than about 100 

^ 20 millidarcy. 

s 

291 . The method of claim 2541 wherein allowing the heat to transfer comprises 
— ..substantially uniformly increasiilg a permeabilityWa majority of the selected section 

25 292. The method of claim 25tt, further comprisingVontrolling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

293. The method of claim 254, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about \heat sources are disposed in 
30 the formation for, each' production well. 
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294. TJie method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources ar&located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



295. The method of claim 254, further comprising providing heat from three or more 
heat sources to a\ least a portion of the formation, wherein three or more of the heat 
sources are locateS in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises atriangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



15 
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296. A method of treating a coal formation in situ, comprising: 

providing heat fropi one or more heat sources to at least a portion of the 
formation; 

allowing the heat to \f ans^r from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure tyithi iV at least a majority of the selected section of the 



formation above 2.0 bar absolu 
producing a mixture fro 



t anc 



le formation, wherein the produced mixture comprises 



20 condensable hydrocarbons having ah API gravity higher than an API gravity of 



condensable hydrocarbons in 
temperature and at atmospheri 



mixtui^ producible from the formation at the same 
: pressi 



297. The method of claim 296, wherein me one or more heat sources comprise at least 
two heat sources, and wherein\superposition\pf heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within me selected section of the formation. 



30 



298. The method of claim 296, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



259 Conley, Rose & Tayon, P.C. 



299. The method of claim 296, wherein the one or more heat sources comprise 
electricaluieaters. 

300. TheVnethod of claim 296, wherein the one or more heat sources comprise surface 
5 burners. 

301 . The method of claim 296, wherein the one or more heat sources comprise 
flameless distributed combustors. 

10 302. The methodW claim 296, wherein the one or more heat sources comprise natural 
distributed combusto\s. 

£3 303. The method of cmim 296, further comprising controlling the pressure and a 

m temperature within at leasKa majority of tile selected section of the formation, wherein 

^ 15 the pressure is controlled as>^ function of t^mperature^pr the temperature is controlled as 

£ a function of pressure. 

^ 304. The method of claim 296Mwh^comWsirig controlling the heat such that an 

jp average heating rate of the selectec^ecfion is less than about 1 °C per day during 

'% 20 pyrolysis. 

305. The method of claim 296/ wherein providing heat from the one or more heat 
-sources to at least the-portion offformation-comprises: 



heating a selected volume (V) of thacoal formation from the one or more heat 
25 sources, wherein the formation/has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within tne selected volume of the formation; and 

wherein heating energy/day provided to Ijjie volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 
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therein Pwr is the heating energy/day, h is an average heating rate of the 
formation^ p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

5 306. The method of claim 296, wherein allowing the heat to transfer comprises 
transferring hea\ substantially by conduction. 



10 



307. The methoctaf claim 296, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



308. The method of claVn 296, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



15 309. The method of claim 2! 
hydrocarbons, and wherein abo vX 



wHerein the produced mixture comprises condensable 
1 % by weight ta^bout 1 5 % by weight of the 



condensable hydrocarbons are olefins. 

310. The method of claim 296, ^sl^rein the^roduced mixture comprises non- 
20 condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons areXolefins. 



25 



311 . -The method-of claim 296,-wfterein tHb-produced mixturexomprises non^_ _ 
condensable hydrocarbons, and wherein a moW ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0\)01 to about 0.15. 
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312. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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313. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 314. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbon! and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the c&ndensable hydrocarbons is sulfur. 

315. The metWod of claim 296, wherein the produced mixture comprises condensable 
10 hydrocarbons, whetrein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



15 



20 
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316. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromaticViompounds. 



317. The method of claim 3p6, 
hydrocarbons, and wherein les; 
hydrocarbons comprises multi-ri 



wlif rein the produced mixture comprises condensable 
Jliian dfc>out 5^% by weight of the condensable 
g arofofatics with more than two rings. 



3 1 8. The method of claim 296^av) 
hydrocarbons, and-wherein-less than 
hydrocarbons are asphaltenes. 



Lerein n^e produced mixture comprises condensable 
>out-0r3 % by-weight of-the condensable— 



3 1 9. The method of claim 296, whereinvthe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 320. The method of claim 296, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condenskble component comprises hydrogen, 
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^herein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
iensable component. 

5 321. VThe method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein Vreater than about 0.05 % by weight of the produced mixture is ammonia. 

322. The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

10 

323. The method of claim 296, further comprising controlling formation conditions to 
produce a mixture o£ condensable hydrocarbons and tk, wherein a partial pressure of H2 
within the mixture isWeater than about 0.5 bar. 

15 324. The method of clfcihi 2^6, wherein the partial pressure of H2 is measured when the 
mixture is at a production 1 



325. The method of clai 
formation to inhibit product] 

20 numbers greater than about 

326. The method of claim 



■ hyd; 



n> 



r comprising altering a pressure within the 
bons from the formation having carbon 



296, wherein controlling formation conditions comprises 



re circu lating a portion_of_hyctogen_from_me-mixture-into the formation.- 



25 327. The method of claim 29$, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from\|jydrogenation. 
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328. The method of claim 296, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced cbndensable hydrocarbons with at least a portion of the produced hydrogen. 

329. The mfethod of claim 296, wherein allowing the heat to transfer comprises 
increasing a peipeability of a majority of the selected section to greater than about 100 
millidarcy. 

330. The methocftof claim 296, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

331. The method of odaim 296, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

332. The method of clain^96, wherein producing the mixture comprises producing 
the mixture in a production well, and Aherein at least about 7 heat sources are disposed in 
the formation for each production well. 

333. The method of claim 296, futher c^mpmklg providing heat from three or more 



heat sources to at least a portion of t 
sources are located in the formation 



e forniMon, wherein three or more of the heat 

it ori^eat sources, and wherein the unit of heat 



sources comprises a triangular pattern. 

334. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of thf formation, wherein three or more of the heat 

a unit df heat sources, wherein the unit of heat 
and whe\ein a plurality of the units are repeated 



sources are located in the formation ir 
sources comprises a triangular pattern, 



over an area of the formation to form a repetitiveWttern of units. 



335. A method of treating a coal formation in situ\omprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation 

allowing the heat to transfer from the one or more heat sources to a selected 
section of tnfe formation; 
5 maintaining a pressure within at least a majority of the selected section of the 

formation to aBove 2.0 bar absolute; and 

producing, a fluid from the formation, wherein condensable hydrocarbons within 
the fluid comprise W atomic hydrogen to atomic carbon ratio of greater than about 1.75. 

10 336. The method of claim 335, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some ^hydrocarbons within the selected section of the formation. 



337. The method of claifn 335, 
1 5 maintaining a temperature v^ithin ftb 
range. 



20 



338. The method of claim 3 3 f 
electrical heaters. 

339. The method of claim 3: 
burners. 



L herein controlling formation conditions comprises 
selected section within a pyrolysis temperature 



lereinahe one or more heat sources comprise 



p, wnerein the one or more heat sources comprise surface 



340. The method of claim 335, whereir^the one or more heat sources comprise 
25 flameless distributed combustors. 

341. The method of claim 335, wherein the\ne or more heat sources comprise natural 
distributed combustors. 

30 342. The method of claim 335, further comprising controlling the pressure and a 
temperature within at least a majority of the selected Section of the formation, wherein 
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ie pressure is controlled as a function of temperature, or the temperature is controlled as 
a ftinction of pressure. 

343. \ The method of claim 335, further comprising controlling the heat such that an 
averag^heating rate of the selected section is less than about 1 °C per day during 
pyrolysis> 

344. The ritethod of claim 335, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating ^selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least sdrne hydrodaftons within the selected volume of the formation; and 

wherein heatihg energv/daV provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by f he equation: 

Pwr = /i*F*C v */^ 

wherein Pwr is theVjatij^eneWy/day, h is an average heating rate of the 
formation, p B is formation bfl[k density, a^d wherein the heating rate is less than about 10 
°C/day. 



20 345 . The method of claim 



335, wherein allowing the heat to transfer comprises 



transferring heat substantially by conduction. 



25 



346.— The method of claim^35, whereiXproviding-heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater thA about 0.5 W/(m °C). 



347. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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348. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarobns, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensabl\ hydrocarbons are olefins. 

349. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



10 



15 
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350. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



351. The method of claim 335, wl 
hydrocarbons, and wherein itess thar 
basis, of the condensable hydrpcarbpns 



352. The method of claim 335, 
hydrocarbons, and wherein less th 
basis, of the condensable hydrocarb 



jn the produced mixture comprises condensable 
ft 1 % by weight, when calculated on an atomic 
litrogen. 



hydrocarbons, and wherein less than 
basis, of the condensable hydrocarbons is su 




produced mixture comprises condensable 
weight, when calculated on an atomic 

is oxygen. 



353. The method of claim 335, vs herein the produced mixture comprises condensable 



% by weight, when calculated on an atomic 



25 354. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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355. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocar&ons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 356. The mfethod of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, W wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

357. The methodW claim 335, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wlWein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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358. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 f/ohy weight to about 30 % by weight of the 
condensable hydrocarbons ar^cyclpalk^nes. 

359. The method of claim 335\Jvherein fee produced mixture comprises a non- 
condensable component, wherein ffihe non-comdgnsable component comprises hydrogen, 
wherein the hydrogen is greater maKahprn 10 % by volume of the non-condensable 
component, and wherein the hydp$£e\is less thanysibout 80 % by volume of the non- 
condensable component. 

-360.- -T-he-method of claim 33|5,-wherein\the produced mixture comprises ammonia^ and- 
wherein greater than about 0.05 % by weigffi of the produced mixture is ammonia. 

361. The method of claim 335, wherein the Voduced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilize 



362. The method of claim 335, further comprising controlling formation conditions to 
30 produce a mixture of condensable hydrocarbons ancftf^, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 
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363. The method of claim 335, wherein the partial pressure of H2 is measured when the 
mixture i\ at a production well. 

5 364. The method of claim 335, further comprising altering the pressure within the 
formation to mhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

365. The method of claim 335, wherein controlling formation conditions comprises 
10 recirculating a portion of hydrogen from the mixture into the formation. 

366. The method of claim 335, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 
15 heating a portion <3f the sectibrlwith heat from hydrogenation. 



20 



367. The method of claim 3535, 
condensable hydrocarbons, th^ 
produced condensable hydrocarl 



herefin the produced mixture comprises hydrogen and 
^thod fukjier comprising hydrogenating a portion of the 
is y&ih afSleast a portion of the produced hydrogen. 



368. The method of claim 335, 
increasing a permeability of a maj^rr 
millidarcy ._ 



erein allowing the heat to transfer comprises 
of the selected section to greater than about 100 



25 369. The method of claim 335, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeaoUity of a majority of the selected section. 

370. The method of claim 335, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



30 
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371 . Tihe method of claim 335, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

372. The method of claim 335, further comprising providing heat from three or more 
heat sources toW least a portion of the formation, wherein three or more of the heat 
sources are locared in the formation in a unit of heat sources, and wherein the unit of heat 
sources compriseaa triangular pattern. 



10 



O 

SO 

4= 

y 

3 

□ 

ru 

4= 

a 



15 



20 



25 



373. The method df claim 335, further comprising providing heat from three or more 
heat sources to at least\a portion of the formation, wherein three or more of the heat 
sources are located in tHe formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patterm and wherein a plurality of the units are repeated 
over an area of the formation to form ^repetitive pattern of units. 

374. A method of treating aUcoal formation in situ, comprising: 
providing heat from ona or more heajt^ources to at least a portion of the 

formation; 

allowing the heat to tifensj<3r from the 5*ie or more heat sources to a selected 
section of the formation; 

maintaining a pressure withirmt least a majority of the selected section of the 
formation to above 2.0 bar absolute; ar 



producing a mixture 



from the fo^ation^jvherein th^produced mixture comprises 



a higher amount of non-condensable components as compared to non-condensable 
components producible from the formation \uider the same temperature conditions and at 
atmospheric pressure. 



30 



375. The method of claim 374, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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376. The method of claim 374, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 377. The mirthod of claim 374, wherein the one or more heat sources comprise 
electrical heater 
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378. The metho\j of claim 374, wherein the one or more heat sources comprise surface 
burners. 

10 

379. The method of Jdaim 374, wherein the one or more heat sources comprise 
flameless distributed combustors. 

380. The method of clairr^ 374, jvhe\ein the one or more heat sources comprise natural 
15 distributed combustors. 

381. The method of claim 37^/ further tooafrrising controlling the pressure and a 
temperature within at least a mafdrity g£fhe\elected section of the formation, wherein 
the pressure is controlled as a funcffi^of temperature, or the temperature is controlled as 

20 a function of pressure. 



382. The method of claim/374, further comprising controlling the heat such that an 
average heating rate of-the sheeted section is less than about-l -G per day during 
pyrolysis. 

383. The method of claim 374, wherein pfoviding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coaMbrmation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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therein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pw\= h*V*C v *p B 

wher&n Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B information bulk density, and wherein the heating rate is less than about 10 
°C/day. 

384. The method \f claim 374, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

385. The method of claim 374, wherein providing heat from the one or more heat 
sources comprises heatinAthe selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



£^ 15 386. The method of claim 3 a4, wherein the produced mixture comprises condensable 
hydrocarbons having an API graVity of aft least about 25°. 

L 387. The method of claim 374, wherein theWoduced mixture comprises condensable 

4* hydrocarbons, and wherein about 0. 1 *ty byweig^t to about 1 5 % by weight of the 

iE 20 condensable hydrocarbons are olefins.; 

388. The method of claim 374, wherein the produced mixture comprises non- 

condensable hydrocarbons, and-whe/ein about 0. 1-% by weight-to about 15 % by -weight 

of the non-condensable hydrocarbons are olefir 



25 



389. The method of claim 374, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar rati^pf ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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390. T^he method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of th^condensable hydrocarbons is nitrogen. 

391 . The merhod of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, ana wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

392. The method onclaim 374i wherein the produced mixture comprises condensable 



hydrocarbons, and wheradn less 
basis, of the condensable hydro 



393. The method of claim 
hydrocarbons, wherein about 5 
hydrocarbons comprise oxyger 
containing compounds comprij e 



394. The method of claim 3f 
hydrocarbons, and wherein gr< 



han about 1 % by weight, when calculated on an atomic 
:arbonais sulfur. 



4, whereinVhe produced mixture comprises condensable 
i by weighrao aboutX) % by weight of the condensable 
containing cojpjtfninds, and wherein the oxygen 
pt^nob 



whekin the produc^mixture comprises condensable 
ater than about 20 % by weight of the condensable 



20 hydrocarbons are aromatic compounds. 



25 



395. The method of claim/374, wherein thk produced mixture comprises condensable 

hydrocarbons; and wherein less than" about 5 °Aby weight of the condensable 

hydrocarbons comprises multi-ring aromatics wkh more than two rings. 

396. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by fyeight of the condensable 
hydrocarbons are asphaltenes. 
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397. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensabl\hydrocarbons are cycloalkanes. 

398. The mefhod of claim 374, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable componer 

399. The method of clami 374, wherein the produced mixture comprises ammonia, and 
wherein greater than about 8.05 %yoy\weight of the produced mixture is ammonia. 



400. The method of claim 3Y4iwherain the produced mixture comprises ammonia, and 
15 wherein the ammonia is used to\produce\fertilizer. 

401 . The method of claim 37ft, fiirtheysffiiprising controlling formation conditions to 
produce a mixture of condensable l^drocarbVis and H2, wherein a partial pressure of H2 
within the mixture is greater tl/ai/abo^t 0.5 bar\ 

20 

402. The method of claim &74, wher^jn the partial pressure of H2 is measured when the 
mixture is at a production well. 

403. The method of claim 374, further comprising altering the pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 



404. The method of claim 374, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
30 within the section; and 

heating a portion of the section with heat froiA hydrogenation. 
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405. The method of claim 374, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 \ 

406. The method of claim 374, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

10 407. The methoa of claim 374. wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 



O 

m 

£ 

ly 

S 

o 
ru 

4= 

o 



15 



20 



408. The method of tlaim 3V4 9 further comprising controlling the heat to yield greater 
than about 60 % by weight of/condensable hydrocarbons, as measured by Fischer Assay. 

409. The method of claiW374, whp^in producing the mixture comprises producing 
the mixture in a production wellydnd wherein at least about 7 heat sources are disposed in 
the formation for each proau&pon well. 

410. The method of cla^m 37^, further comprising providing heat from three or more 
heat sources to at least a portion ©f the formation, wherein three or more of the heat 
sources are located in thb formatioh in a unit of heat sources, and wherein the unit of heat 

_sources L_comprises_a_ triangular patte 



25 



30 



411. The method of claim 374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

412. A method of treating a coal formation in situ, comprising: 
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§heat from one or more heat sources to at least a portion of the 
he heat to transfer from the one or more heat sources to a selected 
nation such that superimposed heat from the one or more heat sources 
about 20 % by weight of hydrocarbons within the selected section of 
i 
a mixture from the formation. 



\ 



413. The method of claim 412, wherein the one or more heat sources comprise at least 
10 two heat sources, ana wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



y3 



414. The method of cIVim 4 12& wherein controlling formation conditions comprises 
maintaining a temperature\withih me selected section within a pyrolysis temperature 



15 range. 



415. The method of claim 4 1^ \ 
electrical heaters. 



, wheretin the one or more heat sources comprise 



20 416. The method of claim 4 1 \ , pjierein theSjne or more heat sources comprise surface 
burners. 

417, The method of claim .41.2, where\i the one or more heat sources comprise 

flameless distributed combusxors. 



25 



41 8. The method of claim 412, wherein the\me or more heat sources comprise natural 
distributed combustors. 



419. The method of claim 412, further comprising controlling a pressure and a 
30 temperature withinat least a majority of the selectedAsection of the formation, wherein 
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pressure is controlled as a function of temperature, or the temperature is controlled as 
a i^xnction of pressure. 

420. \ The method of claim 412, further comprising controlling the heat such that an 
averagAheating rate of the selected section is less than about 1 °C per day during 
pyrolysis\ 



42 1 . The njethod of claim 4 1 2, wherein providing heat from the one or more heat 
sources to at l<&st the portion of formation comprises: 
10 heating & selected volume (V) of the coal formation from the one or more heat 

sources, wherein me formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarobns within the selected volume of the formation; and 
wherein heating energy/daAprovided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by fhe equation: 
15 Pwr = h*V*C v *p 

wherein Pwr is the Vjating energy/day, h is an average heating rate of the 



formation, p B is formation 
°C/day. 

20 422. The method of claim 
transferring heat substantial!^ 



25 



423. The method of claim 



k density, Wi^wherein the heating rate is less than about 10 



2, wherein allowjpg the heat to transfer comprises 
by conduction. 



4 12, whereV providing heat from the one or more heat 



sources comprises heating the selected fortnation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

424. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least ab\ut 25 c 
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425. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarlWs, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensabfte hydrocarbons are olefins. 

426. The mbthod of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

427. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocanbons ranges from about 0.001 to about 0.15. 

428. The method of daim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tWankbout 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is nitrogen. 

429. The method of claim 41 2, wheraLfirffie produced mixture comprises condensable 
hydrocarbons, and wherein lesVthap^om 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrcj&afrbons is oxj(gen. 

430. The method of claim 4112, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lefcs thanYibout 1 % by weight, when calculated on an atomic 
basis, of the condensable hycfroearbonVis sulfur. - — - - 

43 1 . The method of claim 4 1 2, whereiimhe produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weiglA to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. \ 
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432. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 433. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbonsVand wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

434. The methon of claim 412, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspWtenes. 



03 



15 



435. The method of claim 41/>, Vherein the produced mixture comprises condensable 
hydrocarbons, and wherein ahfrut 5\% by weight to about 30 % by weight of the 
condensable hydrocarbons\are cycloalkanes. 



20 



25 



436. The method of claim! 41 2, wherein the produced mixture comprises a non- 



condensable component, wl 



erein the nan-condensable component comprises hydrogen, 



wherein the hydrogen is gre iter man ahpuflO % by volume of the non-condensable 



component, and wherein the 
condensable component. 

-437. - The method of claim 
wherein greater than about 0 



lydragen is less^han about 80 % by volume of the non- 



41 2, wherein the produced mixture comprises ammonia,- and 
05 % by weight of the produced mixture is ammonia. 



438. The method of claim 442, wherein me produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



439. The method of claim 412, further comprising controlling a pressure within at least 
30 a majority of the selected section of the formatio^, wherein the controlled pressure is at 
least about 2.0 bar absolute. 
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440. TJhe method of claim 412, further comprising controlling formation conditions to 
produce a\piixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

441. The method of claim 412, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

442. The methodVf claim 412, further comprising altering a pressure within the 
10 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 



15 
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443. The method of claim 412, wherein controlling formation conditions comprises 
recirculating a portion of h3^ogenVrom the mixture into the formation. 



444. The method of claim 4 
providing hydrogen 1 

within the section; and 

heating a portion of the 

445. The method of claim 4 
condensable hydrocarbons, th ; 
produced condensable hydroc 



L 2, further comprising: 
to the neated sepfcitm to hydrogenate hydrocarbons 

secmop^itHJieat from hydrogenation. 

, wherein the produced mixture comprises hydrogen and 
methocmurther comprising hydrogenating a portion of the 
bons with at least a portion of the produced hydrogen. 



25 446. The method of claim 4l\^wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the^selected section to greater than about 100 
millidarcy. 



447. The method of claim 412, wherein allowing the heat to transfer comprises 
30 substantially uniformly increasing a permeability of a majority of the selected section. 
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448. The method of claim 412, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

449. The method of claim 412, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation fot each production well. 



10 



450. The methofl of claim 4L2, further comprising providing heat from three or more 
heat sources to at least a portion &f the formation, wherein three or more of the heat 
sources are located imthe fjprmatiqn in a unit of heat sources, and wherein the unit of heat 
sources comprises a trriangular pattJ 



20 



25 



45 1 . The method of cl^jm 412, further comprising providing heat from three or more 
heat sources to at least at 



1 5 sources are located in t 



portion of the^formation, wherein three or more of the heat 



e fomiatipn in a unit of heat sources, wherein the unit of heat 
sources comprises a trie nguhVpattern, ancmvherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

452. A method of tn Sating a corn formation in\itu, comprising: 

providing heat from one or \iovq heat sourcb^to at least a portion of the 
formation; 

allowing the hekt to transfer frfon the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes at least about 20 % of hydrocar\ons within the selected section of the 
formation; and ^ 

producing a mixture from the formation, wherein the mixture comprises a 
condensable component having an API gravitwrf at least about 25°. 



453. The method of claim 452, wherein the one V more heat sources comprise at least 
30 two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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454. The method of claim 452, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 455. The method of claim 452, wherein the one or more heat sources comprise 
electrical heated 

456. The methoe^of claim 452, wherein the one or more heat sources comprise surface 
burners. 

10 

457. The method of claim 452, wjjfereijp the one or more heat sources comprise 
flameless distributed combustors. 

458. The method of claimy452,/wherein\he one or more heat sources comprise natural 
1 5 distributed combustors. 




25 



459. The method of claim 452\further comfDr&ing controlling a pressure and a 
temperature within at least a majority of th^selected section of the formation, wherein 
the pressure is controlled as a fv ncti&n of temperature, or the temperature is controlled as 



20 a function of pressure. 

460. The method of claim 45 
average heating rate of the selec 
pyrolysis. 



further Comprising controlling the heat such that an 
ed sectionis less than about 1 °G per day during 



30 



461 . The method of claim 452 , wherein provicmig heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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/herein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein JPw is calculated by the equation: 
pX = h*V*C v *p B 

whei(ein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B \s formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

462. The methodof claim 452, wherein allowing the heat to transfer comprises 
transferring heat subkantially by conduction. 

463. The method of claim 452, where/n providing heat from the one or more heat 
sources comprises heatinjMhe selected sectnon such that a thermal conductivity of at least 
a portion of the selected section is greater t|an about 0.5 W/(m °C). 



15 464. The method of claim 45 a wperein the produced mixture comprises condensable 
hydrocarbons, and wherein about Gyl % by w^ight^dabout 15 % by weight of the 
condensable hydrocarbons are olef 

465. The method of claim 452, Avheafem the produced mixture comprises non- 
20 condensable hydrocarbons, and wherein aftout 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarpons are olefins. 



25 



466. The method of claim 45p, wherein the produced mixture comprises non 

condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 \p about 0.15. 



30 



467. The method of claim $52, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight\when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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468. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of th^ondensable hydrocarbons is oxygen. 

469. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, arid wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condehsable hydrocarbons is sulfur. 

470. The method oKclaim 452, wherein the produced mixture comprises condensable 
hydrocarbons, whereinYibout 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise qxygen containing compounds, and wherein the oxygen 
containing compounds comprise ^nen\ls. 

471. The method of claim \5f2, whereiVi the produced mixture comprises condensable 
hydrocarbons, and wherein greater than atyout 20 % by weight of the condensable 
hydrocarbons are aromatic cqjmRounds. 

472. The method of claim/452, therein Jja^produced mixture comprises condensable 
hydrocarbons, and wherein less thaAab^ut 5 % \y weight of the condensable 
hydrocarbons comprises mijlti-riqg irpmatics witmmore than two rings. 

473 . The method of clair l 4527 wherem the produced mixture comprises condensable 



hydrocarbons, and wherein 
hydrocarbons are asphalten 

474. The method of clain 
hydrocarbons, and wherein 



ess than about 0.3 % by weight of thexondensable 



452, wherein the produced mixture comprises condensable 
bput 5 % by weight to about 30 % by weight of the 



condensable hydrocarbons are cycloalkanes. 



475. The method of claim 452, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensabla component comprises hydrogen, 
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/herein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
cona^nsable component. 

5 476. TTae method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

477. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



10 
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478. The method bf claim 452, further comprising controlling a pressure within at least 
a majority of the selected section of Jh^ formation, wherein the controlled pressure is at 
least about 2.0 bar abso^te. 

15 479. The method of clair^ 452, further Vomprising controlling formation conditions to 
produce a mixture of conder^bleihydroc^on^id H 2 , wherein a partial pressure of H 2 
within the mixture is greater tlranlabout O^W. 

480. The method of claim 45^,/^herein the pahial pressure of H 2 is measured when the 
20 mixture is at a production well./ 



25 



48 1 . The method of claim 452, further comprising altering a pressure within the 
formation to inhibit production o 
numbers greater than about f 5. 

482. The method of claim 452, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixWe into the formation. 



483. The method of claim 452, further comprising 
30 providing hydrogen (H 2 ) to the heated section ^ hydrogenate hydrocarbons 

within the section; and 
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aeating a portion of the section with heat from hydrogenation. 

484. Theonethod of claim 452, wherein the produced mixture comprises hydrogen and 
condensableWdrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



10 



485. The method of claim 452, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

486. The method of claim 452, wherein allowing the heat to transfer comprises 
substantially uniformly iiitreasing a permeability of a majority of the selected section. 



487. The method of claim\p2, further comprising controlling the heat to yield greater 
15 than about 60 % by weight dx Otfmdeirsable hydrocarbons, as measured by Fischer Assay. 



20 
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488. The method of claiir 
the mixture in a production 
the formation for each prod 



452,Wher8rin producing the mixture comprises producing 
well, a\d wherein atjeast about 7 heat sources are disposed in 
uction w&ll. 



489. The method of claim 



sources are located in the fo 



452, 



rcomprisihg^roviding heat from three or more 



heat sources to at least a pon ion of the formation, wherein three or more of the heat 



lation in a unk of heat sources, and wherein the unit of heat 



sources comprises a triangular pattern. 

490. The method of claim 462, further comprising providing heat from three or more 
heat sources to at least a portioirof the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat\ources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattermof units. 
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491. A method of treating a layer of a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the layer, 

wherein tha one or more heat sources are positioned proximate an edge of the layer; 

allovwng the heat to transfer from the one or more heat sources to a selected 
5 section of the Wer such that superimposed heat from the one or more heat sources 
pyrolyzes at lea\t some hydrocarbons within the selected section of the formation; and 

producing a mixture from the formation. 

492. The methocftof claim 491, wherein the one or more heat sources are laterally 
10 spaced from a centeAof the layer. 

493. The method of ^laim 491, wherein the one or more heat sources are positioned in 
a staggered line. 

1 5 494. The method of claim 49/1 , wherein the one or more heat sources positioned 
proximate the edge of the layer canuncrease an amount of hydrocarbons produced per 
unit of energy input to the onejf or more he^fsburces. 

495. The method of claim h9rC wherein the one or more heat sources positioned 
20 proximate the edge of the layer can increase the volume of formation undergoing 

pyrolysis per unit of energy input to\he one or more heat sources. 

496. - The method of clain^49T, wherein the one or more heat sources comprise 
electrical heaters. 

25 

497. The method of claim 491, wherein throne or more heat sources comprise surface 
burners. 

498. The method of claim 491, wherein the one\r more heat sources comprise 
30 flameless distributed combustors. 
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499. The method of claim 49 1 , wherein the one or more heat sources comprise natural 
distributed combustors. 

500. The method of claim 491 , further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

501. The methodVf claim 49 1 , further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0 ° C per day during 
pyrolysis. 

502. The method of claun 491 , wherein providing heat from the one or more heat 
sources to at least the portion ofithe layer comprises: 

heating a selected vAuma(F) of the coal formation from the one or more heat 
sources, wherein the formqftioljt has^an average heat capacity (C v ), and wherein the heating 

lroc^rboilfc within the selected volume of the formation; and 



pyrolyzes at least some hy 

wherein heating ensrgy/day prl 

wherein Pwr is calculated py the 
Pwr = /i*F*C v */>* 
wherein Pwr is the heating 

formation, pg is formation [bulk densi 

°C/day_. 



to the volume is equal to or less than Pwr, 



ergy/day^ is an average heating rate of the 

and wherein the heating rate is less than about 10 



503. The method of claink^91 , whereinWoviding heat from the one or more heat 
sources comprises heating the selected sectrbn such that a thermal conductivity of at least 
a portion of the selected section is greater thah about 0.5 W/(m °C). 



504. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons haying an API gravity of at least ab\ut 25°. 
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505. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

506. The method of claim 49 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



10 



507. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensabfle hydrocarbons is nitrogen. 



m 
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508. The method of claiki 49 1(, v^herein the produced mixture comprises condensable 
hydrocarbons, and wherein festf thanVibout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydUcarbonfe is oxygen. 



20 



25 



509. The method of claim ft9K wfiereiJ^he produced mixture comprises condensable 
hydrocarbons, and wherein Ikss than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hynrocariWs is sulfur. 

510. The method of claim 49 1 , whdtein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen- 
containing compounds comprise phenols. 

511. The method of claim 491 , wherein theVoduced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2\°/o by weight of the condensable 
hydrocarbons are aromatic compounds. 
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512. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarB^ns, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

513. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons areVisphaltenes. 



10 
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514. The method ©f claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



hi 



515. The method of clafjn 491, \yherein the produced mixture comprises a non- 
condensable component, wlWeinftheVon-condensable component comprises hydrogen, 
wherein the hydrogen is greater/than aftout 10 % by volume of the non-condensable 
component, and wherein the hydrogen is^less than about 80 % by volume of the non- 
condensable component. 



516. The method of claim 491/wherein theSproduced mixture comprises ammonia, and 
20 wherein greater than about Q\(p%tyf weight of me produced mixture is ammonia. 

517. The method of claimf 49 1 , wherein the produced mixture comprises ammonia, and 
._ . wherein the ammonia is used to produca fertilizer. — . - 

25 518. The method of claim 491 , further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



519. The method of claim 491 , further comprising controlling formation conditions to 
30 produce a mixture of condensable hydrocarbons ^jd H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 
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520. The method of claim 519, wherein the partial pressure of H2 is measured when the 
mixture ia at a production well. 

5 521. The method of claim 49 1 , further comprising altering a pressure within the 
formation to iVhibit production of hydrocarbons from the formation having carbon 
numbers greate\ than about 25. 

522. The methoti of claim 491, further comprising controlling formation conditions, 
10 wherein controllin^ormation conditions comprises recirculating a portion of hydrogen 
from the mixture inta the formation. 



523 . The method of odaim ^9 
providing hydrogen 
15 within the section; and 

heating a portion of 



524. The method of claim w 
condensable hydrocarbons, 



25 



further comprising: 
2) k> the heated section to hydrogenate hydrocarbons 

section \^i#fTTeat from hydrogenation. 

wherein the produced mixture comprises hydrogen and 
lethod further comprising hydrogenating a portion of the 



20 produced condensable hydro* :arlWs with at least a portion of the produced hydrogen. 

525. The method of claim 1-91, ^herein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 



millidarcy. 



526. The method of claim 491 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



527. The method of claim 491 , further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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528. The method of claim 491 , wherein producing the mixture comprises producing 
the mixtute in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

529. The m&thod of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises^ triangular pattern. 

530. The method o^claim 491 ,/fiirther comprising providing heat from three or more 
heat sources to at least portion M the formation, wherein three or more of the heat 
sources are located in thAformaiioA in a unit of heat sources, wherein the unit of heat 



sources comprises a triangular 
over an area of the formation tc 



>attern, and wherein a plurality of the units are repeated 
fonn a repetitive pattern of units. 



531. A method of treating a jaoal/formation in situ, comprising: 

providing heat from oije i^-more hea^sources to at least a portion of the 
formation; 

allowing the heat to tijtaisferYrom the one or more heat sources to a selected 
section of the formation; and! 

controlling a pressure and a ter&perature within at least a majority of the selected 
section of the formation, wherein the pressure is controlled as a function of temperature, 
or the temperature is controlled as a funcnon of pressure; and - — 

producing a mixture from the formation. 



532. The method of claim 53 1 , wherein theVne or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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533. The method of claim 53 1 , wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

534. The method of claim 53 1 , wherein the one or more heat sources comprise 
electrical heat&rs. 

535. The method of claim 53 1 , wherein the one or more heat sources comprise surface 
burners. 

536. The method o\ claim/5^ 1, wherein the one or more heat sources comprise 
flameless distributed cambustor 



537. The method of cla^fji 531, ^herein the one or more heat sources comprise natural 
distributed combustors. 



538. The method of claiiji 
average heating rate of the 
pyrolysis. 



5:8 1 J^the^omprising controlling the heat such that an 
ielegted section rsjess than about 1 °C per day during 



539. The method of claii n 53 1 , wherein providing heat from the one or more heat 
sources to at least the port! >n of formation comprises: 

heating a selected volume ( F) ofrthe coal formation from the one or more heat 
sources, wherein the formation has an avVage heat capacity (Cv), and wherein the 
heating pyrolyzes at least some hydrocarbons within the selected volume of the 
formation; and 

wherein heating energy/day provided t^ the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
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/herein Pwr is the heating energy/day, h is an average heating rate of the 
formatio^ p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 540. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

541. The method of claim 531, wherein providing heat from the one or more heat 
sources comprises beating the selected section such that a thermal conductivity of at least 

10 a portion of the selected section is greater than about 0.5 W/(m °C). 

542. The method of c\aim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



J 1 5 543 . The method of claimV>3 1 , wMereim the produced mixture comprises condensable 

hydrocarbons, and wherein abW 0/1 % b\ weight to about 15 % by weight of the 
sT| condensable hydrocarbons are oiefijas. 

4S 544. The method of claim 53 1 , vWiei&n theWoduced mixture comprises non- 

20 condensable hydrocarbons, and wherein about 0^1 % by weight to about 15 % by weight 
O of the non-condensable hydrocarbo is 2tfe olefins. 

545. The method of claim 531, whereiimhe produced mixture comprises non- 
condensable hydrocarbons, and wherein a mplar ratio of ethene to ethane in the non- 
25 condensable hydrocarbons ranges from about\).001 to about 0.15. 



546. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % b)\veight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



30 
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547. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of tire condensable hydrocarbons is oxygen. 

548. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

549. The methockof claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

550. The method of cla\m 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein\£re&er than about 20 % by weight of the condensable 
hydrocarbons are aromatic <tamp\unds. 



551. The method of clain l 
hydrocarbons, and wherein 



5il, wHerein the produced mixture comprises condensable 
essVhatf'aBout 5 % by weight of the condensable 



hydrocarbons comprises multi-pfiag aromafcics with more than two rings. 



552. The method of claim 
hydrocarbons, and wherein 
hydrocarbons are asphaltene: 



53 1 , wherein the produced mixture comprises condensable 
sss thamabout 0.3 % by weight of the condensable - 



v 



553. The method of claim 53 1 , wherefla the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes\ 



554. The method of claim 53 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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herein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

5 555. \The method of claim 53 1 , wherein the produced mixture comprises ammonia, and 
whereimgreater than about 0.05 % by weight of the produced mixture is ammonia. 

556. ThV method of claim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein thAammonia is used to produce fertilizer. 



10 



557. The method of claim 53 1 , wherein the controlled pressure is at least about 2.0 bar 
absolute. 



558. The method of clfaimi 53 1 ? further comprising controlling formation conditions to 
15 produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 

within the mixture is gr ;ater tftan about 0.5 bar. 

559. The method of c flaim 551 , ^herein the partial pressure of H 2 is measured when the 
mixture is at a productic n^vell. 

20 

560. The method of claim^53 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than abc ut 25 . 

25 561 . The method of claim 53 1 , wherein controlling formation conditions comprises 
recirculating a portion of hydrogen m>m the mixture into the formation. 



562. The method of claim 531, furthek comprising: 

providing hydrogen (H2) to the heajed section to hydrogenate hydrocarbons 
30 within the section; and 

heating a portion of the section with hfcat from hydrogenation. 
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563. The method of claim 531, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 \ 

564. The method of claim 53 1 , wherein allowing the heat to transfer comprises 
increasing a pef^neability of a majority of the selected section to greater than about 100 
millidarcy. 

10 565. The method 6f claim 53 1 , wherein allowing the heat to transfer comprises 

substantially uniforml\ increasing a permeability of a majority of the selected section. 
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566. The method of claVn 53 1 /farther comprising controlling the heat to yield greater 
than about 60 % by weight \rf cojidenW>le hydrocarbons, as measured by Fischer Assay. 

567. The method of claim 5 All, wherem produpkfg the mixture comprises producing 
the mixture in a production wellNand whpi*(p at least about 7 heat sources are disposed in 
the formation for each production* 

568. The method of claim 5 3 1 , furfher comprisin^providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a \nit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 



569. The method of claim 53 1, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of lwt sources, wherein the unit of heat 
sources comprises a triangular pattern, and whereima plurality of the units are repeated 
over an area of the formation to form a repetitive panern of units. 
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570. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of tme formation to raise an average temperature within the selected section to, or 
5 above, a temperature that will pyrolyze hydrocarbons within the selected section; 
producing a mixture from the formation; and 

controlling API gravity of the produced mixture to be greater than about 25 
degrees API by controlling average pressure and average temperature in the selected 
section such that the average pressure in the selected section is greater than the pressure 
10 (p) set forth in the fallowing equation for an assessed average temperature (7) in the 
selected section: 

_ e [-44000/T + 67] 

where p is measured in p\ia and T is nyjasured in ° Kelvin. 

15 

571 . The method of claiiA570, whireiVi the API gravity of the produced mixture is 
controlled to be greater than a^out 3(j degrees API, and wherein the equation is: 

e l 

20 572. The method of claim 570, vmerein the API^gravity of the produced mixture is 
controlled to be greater than aboiy 3 \ degrees API, and wherein the equation is: 

t [-22000/T + 38] 

573. The method of claim 570, whereirkthe one or more heat sources comprise at least 
25 two heat sources, and wherein superpositkA of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within tiie selected section of the formation. 



30 



574. The method of claim 570, wherein controlling the average temperature comprises 
maintaining a temperature in the selected section within a pyrolysis temperature range. 

575. The method of claim 570, wherein the one or more heat sources comprise 
electrical heaters. 
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576. The method of claim 570, wherein the one or more heat sources comprise surface 
burners. 

5 577. The Wthod of claim 570, wherein the one or more heat sources comprise 
flameless distributed combustors. 



10 
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578. The method of claim 570, wherein the one or more heat sources comprise natural 
distributed combustors. 

579. The method onclaim 570, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

580. The method of claim 5^0, further comprising controlling the heat such that an 
average heating rate of the seated seqion is less than about 1 °C per day during 
pyrolysis. 



581. The method of claim 5 
sources to at least the portion o 



0, wherein providing heat from the one or more heat 
formation comprises: 



30 



heating a selected volui le (F)\of the coal formation from the one or more heat 
sources, wherein the formation hay an average heat capacity (C v ) ? and wherein the heating 
pyrolyzes at least some hydrocz rbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation :\ 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day Vz is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 
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582. The method of claim 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

583. TheVnethod of claim 570, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of trap selected section is greater than about 0.5 W/(m °C). 



10 



584. The metRod of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



15 



20 



585. The method oftclaim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, andfWherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable lWdroprcbns are olefins. 

586. The method of claim/570, wnerein the produced mixture comprises non- 



condensable hydrocarbons, 
condensable hydrocarbons 

587. The method of clain 
hydrocarbons, and wherein 
basis, of the condensable hyi 



id wherein a molar ratio of ethene to ethane in the non- 
ces fropXbout 0.001 to about 0.15. 

57f\ wherein the^p^pduced mixture comprises condensable 
ess than about 1 % by weight, when calculated on an atomic 
rocartoons is nitrogen. 



588. The method of claim 570, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than aeout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



30 



589. The method of claim 570, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about \Wo by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sull 
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590. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

5 \ 

591. The metnbd of claim 570, wherein the produced mixture comprises condensable ' 
hydrocarbons, and Vherein greater than about 20 % by weight of the condensable 
hydrocarbons are aroViatic compounds. 

10 592. The method of cliiim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiAless than about 5 % by weight of the condensable 
hydrocarbons comprises muki-ring aromatics with more than two rings. 

593. The method of claim 570l wnereun the produced mixture comprises condensable 
15 hydrocarbons, and wherein less tMi abom 0.3,% by weight of the condensable 

hydrocarbons are asphaltenes. /\ yC 

594. The method of claim 570 w)4erW the produced mixture comprises condensable 
hydrocarbons, and wherein abou : 5% byVveight to about 30 % by weight of the 

20 condensable hydrocarbons are cj cloalkaneV 



595. The method of claim 570,Svherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % m volume of the non-condensable 

25 component, and wherein the hydrogen is less than al&out 80 % by volume of the non- 
condensable component. \ 

596. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

30 \ 
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597. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein tne ammonia is used to produce fertilizer. 

598. The method of claim 570, further comprising controlling formation conditions to 
5 produce a mixWe of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 

within the mixture is greater than about 0.5 bar. 

599. The method\pf claim 570, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

10 

600. The method of cmim 570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about V5. 

15 601. The method of claim 5 10, jvher^dn controlling formation conditions comprises 
recirculating a portion of hydrogen fromVhe mixture into the formation. 



602. The method of claim 570,jfiMh^r comprising: 

providing hydrogen (H2) to tg^ heated section to hydrogenate hydrocarbons 
20 within the section; and 

heating a portion of the section v^th heat from hydrogenation. 

603 . The method of claim 570. wherein tfte produced mixture comprises hydrogen and 

\ — \ 

condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
25 produced condensable hydrocarbons with at leak a portion of the produced hydrogen. 



604. The method of claim 570, wherein allowingVhe heat to transfer comprises 
increasing a permeability of a majority of the selecteoysection to greater than about 100 
millidarcy. 
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605. The method of claim 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

606. The method of claim 570, wherein the heat is controlled to yield greater than 
5 about 60 % b^weight of condensable hydrocarbons, as measured by Fischer Assay. 

607. The meth&d of claim 570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



10 



15 



608. The method of claim 570, further ftomprising providing heat from three or more 
heat sources to at least a nortion of the formation, wherein three or more of the heat 
sources are located in the formation ip a uni\of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 



609. The method of claim 5^0, further cmmprrising providing heat from three or more 
heat sources to at least a portion of [he formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

20 over an area of the formation to form a repetitive pattern of units. 

610. A method of treating a c©al formation in situ, comprising: 

providing heat to at least a portion of a coal formation such that a temperature (7) 
in a substantial part of the heated portion exceeds 270 °C and hydrocarbons are pyrolyzed 
25 within the heated portion of the formation; 

controlling a pressure (p) within at least a\ubstantial part of the heated portion of 
the formation; 

wherem Pbar >e f( - A/T) + B - 2 6744J ; 

wherein p is the pressure in bar absolute and T i&the temperature in degrees K, 
30 and A and B are parameters that are larger than 10 and araselected in relation to the 
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laracteristics and composition of the coal formation and on the required olefin content 
anc^carbon number of the pyrolyzed hydrocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids from the heated portion of the formation. 

61 1. The method of claim 610, wherein A is greater than 14000 and B is greater than 
about 25 a\d a majority of the produced pyrolyzed hydrocarbon fluids have an average 
carbon number lower than 25 and comprise less than about 10 % by weight of olefins. 



ill 



10 



15 



ry 
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612. The method of claim 610, wherein T is less than about 390 °C, p is greater than 
about 1 .4 bar, A i\ greater than about 44000, and b is greater than about 67, and a 
majority of the produced pyrolyzed hydrocarbon fluids have an average carbon number 
less than 25 and comprise less thanllO % by weight of olefins. 



613. The method of claim 610, 
about 2 bar, A is less than about 57000 
produced pyrolyzed hydrocarftpn fliids 
21. 



ein T is less than about 390 °C, p is greater than 
L and b is less than about 83, and a majority of the 
average carbon number lower than about 



614. The method of claim 610, 
average heating rate of the heated p< 
pyrolysis. 



her composing controlling the heat such that an 
on is less than about 3°C per day during 
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615 . The method of claim 6 1 0, wh erein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coaXformation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the vofyme is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*Cv*p B 
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/herein Pwr is the heating energy/day, h is an average heating rate of the 
formation^ is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

616. The method of claim 610, wherein heat is transferred substantially by conduction 
from one or more^heat sources located in one or more heat sources to the heated portion 
of the formation. 

617. The method oralaim 616, wherein the heat sources comprise heaters in which 
hydrocarbons are either\njected into a heaters or released by the coal formation adjacent 
to a heater by an oxidant mjected into the heater in or adjacent to which the combustion 
occurs and wherein at leasnpart of the produced combustion gases are vented to surface 
via the heater in which the combustion occurs. 



618. The method of claim 6\\ \#herMn heat is transferred substantially by conduction 
from one or more heat sources to\he heated portion of the formation such that the 
thermal conductivity of at least pamof the^heajed portion is substantially uniformly 



modified to a value greater than 
increases substantially uniformh 



< bout 0.6^Vm °C and the permeability of said part 
to a ^6lue greater than 1 Darcy. 



619. The method of claim 6 1 
produce a mixture of hydrocarbbn 
the mixture flowing through the 



er comprising controlling formation conditions to 
fluids anAH2, wherein a partial pressure of H 2 within 
brmation is greater than 0.5 Bar. 



620. The method of claim 61P, further comprising, hydrogenating a portion of the 
produced pyrolyzed hydrocarbon fluids with at leas\a portion of the produced hydrogen 
and heating the fluids with heat from hydrogenation J 



621. The method of claim 610, wherein the coal formation is a coal seam and at least 
about 70% of the hydrocarbon content of the coal, when suqh hydrocarbon content is 
measured by a Fischer assay, is produced from the heated portion of the formation. 
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622. TShe method of claim 610, wherein the substantially gaseous pyrolyzed 
hydrocarbVi fluids are produced from a production well, the method further comprising 
heating a wMlbore of the production well to inhibit condensation of the hydrocarbon 
fluids within Yhe wellbore. 



623. A method of treating a coal formation in situ, comprising: 

providing fypat from one or more heat sources to at least a portion of the 
formation; 

allowing the hW to transfer from the one or more heat sources to a selected 
section of the formatiorMo raise an average temperature within the selected section to, or 
above, a temperature thatVill pyrolyze hydrocarbons within the selected section; 

producing a mixturik from the formation; and 

controlling a weight percentage jf ©lefins of the produced mixture to be less than 
about 20 % by weight by controlling avfragp pressure and average temperature in the 

in the selected section is greater than the 
tfbr an assessed average temperature (7) in 



essi 



selected section such that the average p] 
pressure (p) set forth in the follow^pg efluatior 
the selected section: 



, [-57000A/ 83] 



where p is measured in psia and T is m<&surep in 0 I&lvin. 



624. The method of claim 623, wheifein 
produced mixture is controlled to be 
equation is: 

P 



produced mixture is controlled to be le 
equation is: 



e weight percentage of olefins of the 
than about 10 % by weight, and wherein the 



= e [-1600\T + 28] 



625. The method of claim 623, whe: ein the weight percentage of olefins of the 



>s than about Sy% by weight, and wherein the 



p J\ e r-I2000/T+22] 
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626. The method of claim 623, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes \t least some hydrocarbons within the selected section of the formation. 

5 627. The rnethod of claim 623, wherein the one or more heat sources comprise 
electrical heaters. 



10 



628. The method of claim 623, wherein the one or more heat sources comprise surface 
burners. 

629. The method oi\claim 623, wherein the one or more heat sources comprise 
flameless distributed coYnbustors. 



630. The method of clai\ 
15 distributed combustors. 

63 1 . The method of claim! 6 
least a majority of the select 
controlled as a function of t< 

20 pressure. 



25 



632. The method of clairr 
maintaining a temperature 
range. 



23, Wherein the one or more heat sources comprise natural 



furlbdr comprising controlling a temperature within at 
fion (H the formation, wherein the pressure is 
fperkture, ofthe temperature is controlled as a function of 



63 1 , wheWn controlling an average temperature comprises 
ithin the selected section within a pyrolysis temperature 



633. The method of claim 623, further coirysrising controlling the heat such that an 
average heating rate of the selected section is le^ss than about 3.0 °C per day during 
pyrolysis. 
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634. The method of claim 623, further comprising controlling the heat such that an 
average Hteating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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5 635. The method of claim 623, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a\selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the gelation: 
Pwr = h*V*C v *pl 

wherein Pwr is the^heatiiig en&rgy/day, h is an average heating rate of the 
formation, p B is formation bi^k/densit^ and wherein the heating rate is less than about 10 
15 °C/day. 

636. The method of claim 623 Vwhereifi allowing the heat to transfer comprises 
transferring heat substantially py cWductic 

20 637. The method of claim 623, wherein providing heat from the one or more heat 
sources comprises heating/the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



638. The method of claim 623, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 

639. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight^o about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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640. T\he method of claim 623, wherein the produced mixture comprises non- 
condensaftle hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

5 641 . The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hwrocarbons ranges from about 0.001 to about 0.15. 

642. The methou of claim 623, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein les^than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



15 



20 



25 



643. The method of Alaim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thala about y% by weight, when calculated on an atomic 
basis, of the condensable Ijydrocarbap^s oxygen. 



644. The method of claM 
hydrocarbons, and whereiji 
basis, of the condensable 



62 Vwherem the produced mixture comprises condensable 
logs than abourd % by weight, when calculated on an atomic 
ydUbcarbons is sulfur. 



645. The method of claim 623\wherein the produced mixture comprises condensable 
hydrocarbons, wherein ab )ut 5 % W weight to about 30 % by weight of the condensable 
hydrocarbons comprise o? ygen containing compounds, and wherein the oxygen 
containing compounds co nprise pher 

646. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than a^out 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



309 



Conley, Rose & Tayon, P.C. 



647. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocaroDns, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 648. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

649. The method of claim 62bL wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein ahput 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons arte cyaloalkanes. 



15 



20 



25 



650. The method of ckiijh 623, wherein the produced mixture comprises a non- 
condensable component, wherein theVon-condensable component comprises hydrogen, 
wherein the hydrogen is greater than apput 10 % by volume of the non-condensable 



component, and wherein 
condensable component, 



65 1 . The method of c 
wherein greater than abofut 



652. The method of c 
wherein the ammonia is 



ha hydrogen i*tess than about 80 % by volume of the non- 



umi62j^ wherein theWoduced mixture comprises ammonia, and 
0.05 % by weight of the produced mixture is ammonia. 



aim 623, wnerein the produced mixture comprises ammonia, and 
used to produce fertilizer. 

V 



653. The method of claim 623, furthe\ comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0. Abar. 



654. The method of claim 623, wherein the jjartial pressure of H2 is measured when the 
30 mixture is at a production well. 
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655. The method of claim 623, further comprising altering a pressure within the 
formation^ to inhibit production of hydrocarbons from the formation having carbon 
numbers gkeater than about 25. 

656. The method of claim 623, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

657. The method of claim 623, further comprising: 
providingWdrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section;Vnd 

heating a portion of the section with heat from hydrogenation. 

658. The method of claim 623,/wnferein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the methoM further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

659. The method of claim ^23, wHerem allowing the heat to transfer comprises 
increasing a permeability of a Jn^ority of\he selected section to greater than about 100 
millidarcy. /V \ 

660. The method of claim 623, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

661 . The method of clim 623, fiirtheV comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

662. The method of claim 623, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. \ 
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663. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources aralocated in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



664. The mettiod of claim 623, further comprising providing heat from three or more 
heat sources to a\ least a portion of the formation, wherein three or more of the heat 
sources are locates in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



665. A method of treating a coal formation in situ, comprising: 
providing heat ffym one or ipor^heat sources to at least a portion of the 

formation; 

15 allowing the heat tAtransfe^ from tWone or more heat sources to a selected 

section of the formation to raise an ave^ge\emperature within the selected section to, or 
above, a temperature that willvpWolyze hydrocarbons within the selected section; 
producing a mixture from the formation; and 

controlling hydrocarbonsyiaving carbon numbers greater than 25 of the produced 
20 mixture to be less than about 25 % by weight by controlling average pressure and average 
temperature in the selected section such that the average pressure in the selected section 
is greater than the pressure up) set foVth in the following equation for an assessed average 
temperature (7) in the selected sectior 

J-14000/T+ 25] 

25 

where p is measured in psia and T is mea^jired in 0 Kelvin. 

666. The method of claim 665, wherein tHfe hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 20 % by 

30 weight, and wherein the equation is: 

p = e f-1600(J$ + 28] 
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667. The method of claim 665, wherein the hydrocarbons having carbon numbers 
greater tHan 25 of the produced mixture is controlled to be less than about 15 % by 
weight, an\i wherein the equation is: 

„[-18000/T+32] 

p = e 

668. The method of claim 665, wherein the one or more heat sources comprise at least 
two heat sourc&s, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

10 669. The metho^ of claim 665, wherein the one or more heat sources comprise 
electrical heaters. 



15 



670. The method oAplaim 66 
burners. 

67 1 . The method of claiki 66 5 , 
flameless distributed combustc rs. 



erein the one or more heat sources comprise surface 



jg 672. The method of claim 6 

^ 20 distributed combustors. 




the one or more heat sources comprise 



>, wherein the one or more heat sources comprise natural 



25 



673. The method of claim 665, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature^ or the temperature is controlled as a function of 
pressure. 



674. The method of claim 673, wherein controlling the temperature comprises 
maintaining a temperature within the selectec^section within a pyrolysis temperature 
range. 
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675. The method of claim 665, further comprising controlling the heat such that an 
average Ideating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



10 
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676. The method of claim 665, wherein providing heat from the one or more heat 
sources to at l&ast the portion of formation comprises: 

heating V selected volume (V) of the coal formation from the one or more heat 
sources, whereinuhe formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least We hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*ckp B 

wherein Pwr is the heating fenergy/day, h is an average heating rate of the 
formation, p B is formatioij bulk (/entity, and wherein the heating rate is less than about 10 
°C/day. 



H 2 f 



677. The method of claimVip, wh«ein allowing the heat to transfer comprises 
transferring heat substantiallyroy6)ndu\tion. 



20 



678. The method of claim/665\wherein providing heat from the one or more heat 
sources comprises heating tne selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



679. The method of claim 665, wheVein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity ofVt least about 25°. 



30 



680. The method of claim 665, wherein\he produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by v^eight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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68 1 . The method of claim 665, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

5 682. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbonsAand wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

683. The methoa of claim 665, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein les^lhan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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684. The method of cflaim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein! less thaii about 1 % by weight, when calculated on an atomic 
basis, of the condensable lr^drocarb^ns is sulfur. 

685. The method of cl^m wherein the produced mixture comprises condensable 
hydrocarbons, wherein afeout/5 Vo by weVht to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen cWaining\ompounds, and wherein the oxygen 
containing compounds Comprise phenols. 

686. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than\ibout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

687. The method of claim 665, wherein th\ produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics w\th more than two rings. 
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688. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 689. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons,Wd wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

690. The methoa of claim 665, wherein the produced mixture comprises a non- 
10 condensable component, wherein the>non-dondensable component comprises hydrogen, 
wherein the hydrogenus greater than aboutllO % by volume of the non-condensable 
component, and wherem the hydr/gen is lejss than about 80 % by volume of the non- 
~f condensable component^ 

I 

y= 15 69 1 . The method of clairA &65 , whepdin tlfe produced mixture comprises ammonia, and 
^ wherein greater than about oA)5 %/by weighAof the produced mixture is ammonia. 

y 

D 



692. The method of claiinj)f>5\ wherein the produced mixture comprises ammonia, and 



4* wherein the ammonia is used to produce fertilized. 

ru 

£ 20 

6 



693. The method of claim 665, farther comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Hfe, wherein a partial pressure of H2 
within the mixture is/greater than about ®.5 bar. 

25 694. The method of claim 665, wherein t^e partial pressure of H 2 is measured when the 
mixture is at a production well. 

695. The method of claim 665, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons fitom the formation having carbon 
30 numbers greater than about 25. \ 
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696. The method of claim 665, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the \ection; and 

heatmg a portion of the section with heat from hydrogenation. 
5 \ 

697. The mfcthod of claim 665, wherein the produced mixture comprises hydrogen and 
condensable hAlrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

10 698. The methoAof claim 665, wherein allowing the heat to transfer comprises 

increasing a permeaB^lity of a majority of the selected section to greater than about 100 
millidarcy. 

699. The method of claim 666, wfterein allowing the heat to transfer comprises 
15 substantially uniformly in^easmg a permeability of a majority of the selected section. 

700. The method of claim \p65, further ^etnprising controlling the heat to yield greater 
than about 60 % by weight of Vondej^9ble hydrocarbons, as measured by Fischer Assay. 

20 701 . The method of claim J#o5\ wherein producing the mixture comprises producing 
the mixture in a production/^ell, ahd wherein^t least about 7 heat sources are disposed in 
the formation for each production \^ell. 

702. The method of claim 665, further comprising providing heat from three or more 
25 heat sources to at least a p Drtion of the formation, wherein three or more of the heat 

sources are located in the formation in a\init of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



703. The method of claim 665, further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit on heat sources, wherein the unit of heat 
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^purees comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

704. \ A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of ttte formation to raise an average temperature within the selected section to, or 



above, a temperature that will pyrolyze 



lydrocarbons within the selected section; 



15 the selected section: 



10 producim; a mixture from theyfo mation; and 

controlling an atomic hydrogen o carbon ratio of the produced mixture to be 
greater than about \ .7 by controlling av srage pressure and average temperature in the 
selected section sucA that the average p] essure in the selected section is greater than the 
pressure (p) set forth m the following ec uation for an assessed average temperature (7) in 



J-38000/T+6I] 



where p is measured in psiaiind T is measured in ° Kelvin. 



20 705. The method of clapi 784, wherein thk atomic hydrogen to carbon ratio of the 
produced mixture is cont/olled tb be greater thata about 1.8, and wherein the equation is: 



vp = e 



[-13000/T+24] 



706. The method oy claim 704, wlwein the atomic hydrogen to carbon ratio of the 
25 produced mixture is controlled to be grWer than about 1 .9, and wherein the equation is: 

p J^„[-8000/T+ 18] 



707. The method of claim 704, wherein th\ one or more heat sources comprise at least 
two heat sources, and wherein superposition omaeat from at least the two heat sources 
30 pyrolyzes at least some hydrocarbons within the\elected section of the formation. 
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708. The method of claim 704, wherein the one or more heat sources comprise 
electricalVieaters. 

709. The jjnethod of claim 704, wherein the one or more heat sources comprise surface 
5 burners. 

710. The method of claim 704, wherein the one or more heat sources comprise 
flameless distributed combustors. 

10 711. The method of claim 704, wher^n the one or more heat sources comprise natural 
distributed combustWs. 



15 



712. The method ofclaim 704, Airther Comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function ol^ temperature, orjpre temperature is controlled as a function of 
pressure. 



20 



713. The method of claim/7/2, wherein controlling the temperature comprises 
maintaining a temperature ^itm^ the selected section within a pyrolysis temperature 
range. 



25 



30 



714. The method of clgim 704, furfeher comprising controlling the heat such that an 
average heating rate of t^e selected sec\on is less than about 1 °C per day during 
pyrolysis. 

715. The method of klaim 704, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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therein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein mvr is calculated by the equation: 

wheflein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B \s formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



10 



716. The methoei of claim 704, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

717. The method of olaim 704, wherein providing heat from the one or more heat 
sources comprises heatin\ the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



15 718. The method of claim 704, whsr6fci the produced mixture comprises condensable 
hydrocarbons having an APlgrakjffy of atYleast about 25°. 



20 



719. The method of claim 704, wherein the^produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 \ by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 



720. The method oif claim 704, wherein tnz produced mixture comprises non- 
condensable hydrocarbons, and wherein abouKO. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins 

721. The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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722. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of tne condensable hydrocarbons is nitrogen. 

5 723. The rrrethod of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

724. The method W claim 704, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wfterein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



15 



725. The method of clami 704,Xvharein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by vieight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen Jcontairrang compounds, and wherein the oxygen 
containing compounds comprise phenojk 



25 



726. The method of claim ^04, &herein\he produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 



20 hydrocarbons are aromatic cc 



727. The method of clai 



mpounda 



n^704, wherein^he produced mixture comprises condensable 
hydrocarbons, and wherein less than about Y % by weight of the condensable 
hydrocarbons comprises multi-ring aromatic^vith more than two rings. 

728. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % weight of the condensable 
hydrocarbons are asphaltenes. 
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729. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

730. The method of claim 704, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hyqrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

73 1 . The method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein greater than aVout 0.05 % by weight of the produced mixture is ammonia. 



732. The method of claim/704, wherein the produced mixture comprises ammonia, and 
15 wherein the ammonia is usea to produce fertilizer. 



20 



733. The method of claim 7^04, fttffh& comprising controlling formation conditions to 
produce a mixture of condensaore hydrocarbons and tb, wherein a partial pressure of H2 
within the mixture is greater mamabout O.sNjar. 



734. The method of 
mixture is at a production 



aim 704, wherein the partial pressure of H2 is measured when the 
well. 



735. The method of Alaim 704, furtheAcomprising altering a pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



30 



736. The method of claim 704, wherein conWling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

737. The method of claim 704, further comprising: 
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oroviding hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

hewing a portion of the section with heat from hydrogenation. 

5 738. The method of claim 704, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

739. The method of claim 704, wherein allowing the heat to transfer comprises 
10 increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 



DO 
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740. The method of claiiA 704, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

74 1 . The method of claim 704 flirtheAcomprising controlling the heat to yield greater 
than about 60 % by weight of conttensabla hydrocarbons, as measured by Fischer Assay. 



20 
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742. The method of claim 704,/whVpifi producing the mixture comprises producing 
the mixture in a production welUantfw^erein a^least about 7 heat sources are disposed in 
the formation for each production well. 



743. The method of claim 70 
heat sources to at least a portioi l 
sources are located in the formition 
sources comprises a triangular pattern 



further coirrorising providing heat from three or more 
of the formation, wherein three or more of the heat 
in a unit of neat sources, and wherein the unit of heat 



30 



744. The method of claim 704, further comprising ptoviding heat from three or more 
heat sources to at least a portion of the formation, wherem three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
ow$r an area of the formation to form a repetitive pattern of units. 

745. \A method of treating a coal formation in situ, comprising: 
5 providing heat from one or more heat sources to at least one portion of the 

formation\ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of theVormation; 

controlling a pressure-temperature relationship within at least the selected section 
10 of the formation ftv selected energy input into the one or more heat sources and by 
pressure release from the selected section through wellbores of the one or more heat 
sources; and \ 

producing a mixture from the formation. 

15 746. The method of claim 743, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydroob*bons withjaihe selected section of the formation. 

747. The method of claim 745, Whereimtiie one or more heat sources comprise at least 
20 two heat sources. / I \ 

748. The method of claim 745, wherem the one or more heat sources comprise surface 
burners. I \ 

25 749. The method of claim 745, wherein theVne or more heat sources comprise 
flameless distributed combustors. \ 

750. The method of claim 745, wherein the one ok more heat sources comprise natural 
distributed combustors. \ 
30 \ 
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75 1 . The method of claim 745, further comprising controlling the pressure-temperature 
relationshk) by controlling a rate of removal of fluid from the formation. 

752. The method of claim 745, further comprising controlling the heat such that an 
5 average heatin^rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

753. The method oKclaim 745, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

10 heating a selected Volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energyyfeay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the \quat/on: 
15 Pwr = h*V*C v *p B 

wherein Pwr is the heating eiJkrgy/dayVft is an average heating rate of the 
formation, p B is formation bulk dens jfty\g#a wherein the heating rate is less than about 10 
°C/day. 



20 754. The method of claim 745, Aj/herein altowing the heat to transfer comprises 
transferring heat substantially by o mduction. 

v 

755. The method of claim 745, wherein providmg heat from the one or more heat 
sources comprises heating the selected section suclmhat a thermal conductivity of at least 
25 a portion of the selected section is greater than about Y 5 W/(m °C). 



756. The method of claim 745, wherein the produced fixture comprises condensable 
hydrocarbons having an API gravity of at least about 25 c 
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757. 'Die method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensableyhydrocarbons are olefins. 

5 758. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-conden3able hydrocarbons are olefins. 

759. The method o^claim 745, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbonte ranges from about 0.001 to about 0.15. 



15 



760. The method of claimy45, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein leas than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydroWrqona is nitrogen. 



20 



761 . The method of claim 745, whereiMhe produced mixture comprises condensable 
hydrocarbons, and wherein less thaAa^out\[ % by weight, when calculated on an atomic 
basis, of the condensable hydrocaifaota is oxygen. 



762. The method of claim 745, 
hydrocarbons, and wherein less 
basis, of the condensable hydrocarbons 



wherem the produced mixture comprises condensable 
abou\ 1 % by weight, when calculated on an atomic 
is sulfur. 



t lan 



25 763. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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764. T$Jie method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 765. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

766. The methoaof claim 745, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspftaltenes. 



15 



767. The method of cftiim 74 5( Wherein the produced mixture comprises condensable 
hydrocarbons, and where aboibt $ % by weight to about 30 % by weight of the 
condensable hydrocarbons are Jcyclialkanes. 



20 



.768. The method of claim 145, wh&reii>the produced mixture comprises a non- 
condensable component, whefrdin tjjd'nfon-condensable component comprises hydrogen, 
wherein the hydrogen is gre^ephan aboWt 10 % by volume of the non-condensable 
component, and wherein the/rfydrc^gen is lefc§ than about 80 % by volume of the non- 
condensable component. 



25 



769. The method of clainx745, whqrein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

770. The method of claim 745, whereinme produced mixture comprises ammonia, and 
wherein the ammonia is used to produce feralizer. 



771 . The method of claim 745, further comprising controlling a pressure within at least 
30 a majority of the selected section of the formatio\, wherein the controlled pressure is at 
least about 2.0 bar absolute. 
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772. Tflie method of claim 745, further comprising controlling formation conditions to 
produce aVnixture of hydrocarbon fluids and H2, wherein the partial pressure of H2 within 
the mixtureVs greater than about 0.5 bar. 

5 \ 

773. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

10 774. The method of claim 745, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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775. The method of cflaim 745,\further comprising altering a pressure within the 
formation to inhibit productioiy ofjhydrocarbons from the formation having carbon 

15 numbers greater than abou&2f 

776. The method of claim JM5, wW*ein controlling formation conditions comprises 
recirculating a portion of hyarogeja^r^m the mixture into the formation. 

20 777. The method of clainj 743, further comprising: 

providing hydrogen|(H2) to iHje heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of tke section Vith heat from hydrogenation. 



25 778. The method of claim 745, wherein uie produced mixture comprises hydrogen and 
condensable hydrocarbons, the method furtner comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



779. The method of claim 745, wherein allowing the heat to transfer comprises 
30 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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780. The method of claim 745, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

5 781 . The method of claim 745 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



782. The method of claim 745, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eacla production well. 



15 



783. The method of cmim 745, further comprising providing heat from three or more 
heat sources to at least a pVtion of the formation, wherein three or more of the heat 
sources are located in the fofatiation ki a unit of heat sources, and wherein the unit of heat 
sources comprises a triangulaXpatter 



20 



784. The method of claim 745\rarth4r comprising providing heat from three or more 
heat sources to at least a portion orahe^&rmation, wherein three or more of the heat 
sources are located in the formatiotAn a wit of heat sources, wherein the unit of heat 
sources comprises a triangular padenA and wherein a plurality of the units are repeated 
over an area of the formation to firm a repetitive pattern of units. 



785. A method of treating a coal formation in situ, comprising: 
heating a selected volume (V) of the coal formation, wherein formation has an average 
25 heat capacity (C v ), and wherein the heating pyrolyzes at least some hydrocarbons within 
the selected volume of the formation; and 

wherein heating energy/day provided to^he volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

30 wherein Pwr is the heating energy/day, h is anWerage heating rate of the formation, 

p B is formation bulk density, and wherein the heatin^fate is less than about 10 °C/day. 
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786. The method of claim 785, wherein heating a selected volume comprises heating 
with an electrical heater. 

5 787. The method of claim 785, wherein heating a selected volume comprises heating 
with a surfacAburner. 

788. The metnbd of claim 785, wherein heating a selected volume comprises heating 
with a flameless distributed combustor. 



10 



789. The method of claim 785, wherein heating a selected volume comprises heating 
with a natural distribured combustors. 



790. The method of clafcn 78 
1 5 temperature within at least k ma ) 
the pressure is controlled as ^ftfncti 
a function of pressure. 



er comprising controlling a pressure and a 
orify of the selected volume of the formation, wherein 
of temperature, or the temperature is controlled as 



25 



791 . The method of claim 7K5 ? Y^her comprising controlling the heating such that an 



20 average heating rate of the se 
pyrolysis. 



ectedwolume is less than about 1 °C per day during 



792. The method of claim_7$5 , wherein a value for C v is determined as an average heat 
capacity of two or more samples taken from the coal formation. 

793. The method of claim 785, wherein Reating the selected volume comprises 
transferring heat substantially by conduction^ 



794. The method of claim 785, wherein heating the selected volume comprises heating 
30 the selected section such that a thermal conductivity of at least a portion of the selected 
section is greater than about 0.5 W/(m °C). 
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795. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

5 796. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons^ and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

797. The method of claim 785, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensaale hydrocarbons are olefins. 
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798. The method of c^aim 785,/v$ierein the produced mixture comprises non- 
condensable hydrocarbork, and ^herein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbonsVanges froVn about 0.001 to about 0.15. 

799. The method of claim 785, wher&h the produced mixture comprises condensable 
hydrocarbons, and wherein le^Waj^bou{ 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

800. The method of claim/ 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Aess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons\s oxygen. 



25 801 . The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 Vo by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulf 



802. The method of claim 785, wherein the produced mixture comprises condensable 
30 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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^drocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. . 

803. \ The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydroca\bons are aromatic compounds. 



10 



804. TheYmethod of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons Vomprises multi-ring aromatics with more than two rings. 



o 

m 

4= 

w 

o 

ry 

•p 

o 



15 



20 



25 



805. The method of claim 785 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lesf fyian about 0.3 % by weight of the condensable 
hydrocarbons are aspi^altenes. 

806. The method of cl&m ?85, wtereip^tiie produced mixture comprises condensable 
hydrocarbons, and whereiAabout 5 34uby weight to about 30 % by weight of the 
condensable hydrocarbons ape cycloalkajies. 

807. The method of claidh 785v wherein the produced mixture comprises a non- 
condensable component, wherein me non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thaimbout 10 % by volume of the non-condensable 
component, and wherein the hydrogen\s less than about 80 % by volume of the non- 
condensable component. 

808. The method of claim 785, wherein tke produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weighrof the produced mixture is ammonia. 



809. The method of claim 785, wherein the prcMuced mixture comprises ammonia, and 
30 wherein the ammonia is used to produce fertilizer \ 



332 



Conley, Rose & Tayon, P.C. 



810. T^ie method of claim 785, further comprising controlling a pressure within at least 
a majoritAof the selected volume of the formation, wherein the controlled pressure is at 
least about a.0 bar absolute. 

5 811. The memod of claim 785, further comprising controlling formation conditions to 
produce a mixture from the formation comprising condensable hydrocarbons and H2, 
wherein a partial pressure of H2 within the mixture is greater than about 0.5 bar. 

812. The method oficlaim 785, wherein the partial pressure of H 2 is measured when the 
10 mixture is at a production well. 



3 S s 
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813. The method of claim 785, further comprising altering a pressure within the 
formation to inhibit production of hy^tepcarbons from the formation having carbon 
numbers greater than about 2:6 . 

814. The method of claim 78 A/whereiA controlling formation conditions comprises 
recirculating a portion of hydrogA from^Bg mixture into the formation. 

815. The method of claim 785L/iur\her comprising: 
providing hydrogen (H2j(Jto themeated volume to hydrogenate hydrocarbons 



within the volume; and 

heating a portion of the v 



►lurne wrah heat from hydrogenation. 



816. The method of claim 785, wherein themroduced mixture comprises hydrogen and 
25 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at leasra portion of the produced hydrogen. 



30 



817. The method of claim 785, further comprising increasing a permeability of a 
majority of the selected volume to greater than about lO^millidarcy. 
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818. The method of claim 785, further comprising substantially uniformly increasing a 
permeability of a majority of the selected volume. 

819. The method of claim 785, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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820. The method of claim 785, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

821. The method of craim 785, furtfoer comprising providing heat from three or more 
heat sources to at least a pbrtion of tmettbrmation, wherein three or more of the heat 
sources are located in the fotmatiory in \ unit of heat sources, and wherein the unit of heat 
sources comprises a triangulakpattfern. 

822. The method of claim 785Murther comprising providing heat from three or more 



heat sources to at least a portion 
sources are located in the format! 



the formatioiywherein three or more of the heat 
i0n $n a unij/ONieat sources, wherein the unit of heat 
sources comprises a triangular paJttemXarfd wherein a plurality of the units are repeated 
over an area of the formation to i orrja a f^petitive pattern of units. 

823. A method of treating a cc al formation in situ, comprising: 

providing heat from one or more hea^sources to at least a portion of the 
formation; 

allowing the heat to transfer from the on\ or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

controlling heat output from the one or more keat sources such that an average 
heating rate of the selected section rises by less than atWt 3 °C per day when the average 
temperature of the selected section is at, or above, the temperature that will pyrolyze 
hydrocarbons within the selected section; and 
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producing a mixture from the formation. 



10 



824. Tile method of claim 823, controlling heat output comprises: 

raisW the average temperature within the selected section to a first temperature 
that is at or a|)ove a minimum pyrolysis temperature of hydrocarbons within the 
formation; 

limitin A energy input into the one or more heat sources to inhibit increase in 
temperature of tfte selected section; and 

increasing\energy input into the formation to raise an average temperature of the 
selected section ab&ve the first temperature when production of formation fluid declines 
below a desired production rate. 
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825. The method of daim 822, controlling heat output comprises: 

raising the averagb temperatjure within the selected section to a first temperature 



that is at or above a mininr 
formation; 

limiting energy input 



pyrolysis temperature of hydrocarbons within the 



to the one or more heat sources to inhibit increase in 
temperature of the selected se&faon; and 

increasing energy inpvt into *e formation to raise an average temperature of the 
20 selected section above the firgt temperature w^jen quality of formation fluid produced 
from the formation falls belo^ a desired quali 

826. The method of claim 1 23, wherein the one or more heat sources comprise at least 
two heat sources, and wherein Superposition of heat from at least the two heat sources 
25 pyrolyzes at least some hydrocarbons witnin the selected section. 



827. The method of claim 823, wherein the\pne or more heat sources comprise 
electrical heaters. 



30 828. The method of claim 823, wherein the one\r more heat sources comprise surface 
burners. 
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829. The method of claim 823, wherein the one or more heat sources comprise 
flamelessMistributed combustors. 

830. The method of claim 823 , wherein the one or more heat sources comprise natural 
distributed combustors. 

83 1 . The method of claim 823, further comprising controlling a pressure and a 
temperature withimat least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressurA 

832. The method of clkim 823/ wfterein the heat is controlled that an average heating 
rate of the selected section is less tham about 1.5 °C per day during pyrolysis. 



833. The method of claim ^823, wherjifi the heat is controlled that an average heating 
rate of the selected section is less th#n aobut 1 °C per day during pyrolysis. 

834. The method of claim 8 2 JAwherein providing heat from the one or more heat 
sources to at least the portion )f formation comprises: 

heating a selected volume (h) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provrided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatior 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/d^, h is an average heating rate of the 
formation, p B is formation bulk density. 



835. The method of claim 823, wherein allowir^g the heat to transfer comprises 
transferring heat substantially by conduction. 
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836. The method of claim 823, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

5 \ 

837. The method of claim 823, wherein the produced mixture comprises condensable ' 
hydrocarbons paving an API gravity of at least about 25°. 

838. The method of claim 823, wherein the produced mixture comprises condensable 
10 hydrocarbons, and Wherein about 0.1 % by weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. 



15 



20 



25 



839. The method of (slaim 823, wherein the produced mixture comprises condensable 
hydrocarbons, wherein the condensable hydrocarbons have an olefin content is less than 
about 2.5 % by weight of the cone ensable hydrocarbons, and wherein the olefin content 
is greater than about 0.1 % we ght of the condensable hydrocarbons. 



840. The method of claim 8 
condensable hydrocarbons, whe: 
condensable hydrocarbons is les; 
ethane is greater than about 0.0 



wherem the produced mixture comprises non- 
ivrk molar ratio of ethene to ethane in the non- 
han about\.15, and wherein the ratio of ethene to 



84 1 . The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and whereinV molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than aboijt 0.10 and wherein the ratio of ethene to 
ethane is greater than about 0.001. 



30 



842. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.05 anfl wherein the ratio of ethene to 
ethane is greater than about 0.001. 
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843. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of thi: condensable hydrocarbons is nitrogen. 

844. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the conuensable hydrocarbons is oxygen. 



10 
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845. The methoM of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

846. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, wherein ab\>uf 5 % by weight to about 30 % by weight of the condensable 



hydrocarbons comprise ox 
containing compounds comj 



847. The method of clain^82 
hydrocarbons, and wherein 
hydrocarbons are aromatic 



en conramng compounds, and wherein the oxygen 
s^phenols. 



wherein th^produced mixture comprises condensable 
j;reateV than about 20 % by weight of the condensable 
c pmpouWls. 



25 



848 . The method of claim 823 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



30 



849. The method of claim 823, wherein the\produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 by weight of the condensable 
hydrocarbons are asphaltenes. 
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850. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensabl\ hydrocarbons are cycloalkanes. 

851 . The method of claim 823, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

852. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein greater than about V).05 % by weight of the produced mixture is ammonia. 



853. The method of claim 823, wHereim the produced mixture comprises ammonia, and 
15 wherein the ammonia is used topro/iuce fertilizer. 

854. The method of claim 823, f^rther^e^nprising controlling a pressure within at least 
a majority of the selected section jbf^e formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

20 

855. The method of claim 82; , further Comprising controlling formation conditions to 
produce a mixture of condensahjle hydrocarbons and Hb, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 ba 

25 856. The method of claim 823, wherein the pai^ial pressure of H2 is measured when the 
mixture is at a production well. 
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857. The method of claim 823, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from theSformation having carbon 
numbers greater than about 25. 
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858. The method of claim 823, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

859. The method of claim 823, further comprising: 
5 providing H 2 to the heated section to hydrogenate hydrocarbons within the 

section; and 

heating a pdrtion of the section with heat from hydrogenation. 

860. The method orclaim 823, wherein the produced mixture comprises hydrogen and 
10 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

produced condensable hyarocarbons with at least a portion of the produced hydrogen. 



15 



861 . The method of claim 8&3, wHerein allowing the heat to transfer comprises 
increasing a permeability of a m^jorjty of^he selected section to greater than about 100 
millidarcy. 



862. The method of claim 823, ^h&rejaefall^wing the heat to transfer comprises 
substantially uniformly increasing a peipieabilirV of a majority of the selected section. 



20 863. The method of claim 823 
than about 60 % by weight of co] 



further comprising controlling the heat to yield greater 
densable hydrocarbons, as measured by Fischer Assay. 
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864. The method of claim 823, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at le^st about 7 heat sources are disposed in 
the formation for each production well. 



30 



865. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat source\ and wherein the unit of heat 
sources comprises a triangular pattern. 
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866. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources areVocated in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area oE the formation to form a repetitive pattern of units. 

867. A method of treating a coal formation in situ, comprising: 
providing neat from one or more heat sources to at least a portion of the 

formation; to heat ^selected section of the formation to an average temperature above 
about 270 °C; 

allowing the h&at to transfer from the one or more heat sources to the selected 
section of the formatiom 

controlling the hekt from/thb one or more heat sources such that an average 
heating rate of the selectedWctipn is less than about 3 °C per day during pyrolysis; and 

producing a mixture iforn tha formation. 



868. The method of claim 8 
two heat sources, and wherein 
pyrolyzes at least some hydrocj 



, wjaferein the one or more heat sources comprise at least 
(exposition of heat from at least the two heat sources 
bans withm the selected section of the formation. 



869. The method of claim 8^7, wherein the one or more heat sources comprise 
electrical heaters. 



870. The method of claim 867, further comprising supplying electricity to the electrical 
25 heaters substantially during non-peak hours^ 

871 . The method of claim 867, wherein the hpe or more heat sources comprise surface 
burners. 



30 872. The method of claim 867, wherein the one or^more heat sources comprise 
flameless distributed combustors. 
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873. The method of claim 867, wherein the one or more heat sources comprise natural 
distributes combustors. 

874. The method of claim 867, further comprising controlling a pressure and a 
temperature vMiin at least a majority of the selected section of the formation, wherein 
the pressure is Controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

875. The method of claim 867, wherein the heat is further controlled such that an 
average heating rateW the selected section is less than about 3 °C/day until production of 
condensable hydrocarbons substantially ceases. 



876. The method of claim 867, Wherein the heat is further controlled that an average 
heating rate of the selected sedtionVs less than about 1.5 °C per day during pyrolysis. 



877. The method of claim^j67, 
average heating rate of the se 
pyrolysis. 



878. The method of claim 
sources to at least the portion 
heating a selected vo 



whVrein tbeiieat is further controlled such that an 
cted se&fon is less than about 1 °C per day during 



67, wherein providing heat from the one or more heat 
of formation comprises: 

ume (V) M the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provide^ to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, \ is an average heating rate of the 
formation, p B is formation bulk density. 
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879. T£he method of claim 867, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

880. The m&tiiod of claim 867, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



10 
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881. The method of oJaim 867, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

882. The method of claim ^867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 %)>\ weight to about 15 % by weight of the 
condensable hydrocarbons are olbfinsy 

883. The method of claim 867, Wherein thd produced mixture comprises non- 
condensable hydrocarbons, and wHerem about\0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocartfons are olef 



IU 



884. The method of claim 86#, wWerein the produced mixture comprises non- 
20 condensable hydrocarbons, whereirra molar ratio of ethane to ethane in the non- 
condensable hydrocarbons is /ess than about oN(5, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 



885. The method of claim 867, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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886. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, yvhen calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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887. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocaroons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of th\ condensable hydrocarbons is sulfur. 

888. The mfethod of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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10 889. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

890. The method of claim 8S7, wharein the produced mixture comprises condensable 
15 hydrocarbons, and wherein than about 5 % by weight of the condensable 

hydrocarbons comprises mult^fing aroflpatfcs with more than two rings. 

891. The method of claim/867/WhereiiMhe produced mixture comprises condensable 
hydrocarbons, and wherein /ess tnai\ about 0y3 % by weight of the condensable 

20 hydrocarbons are asphaltemes. 

892. The method of claim 867, whereiiMie produced mixture comprises condensable 
hydrocarbons, and wheribin about 5 % by weight to about 30 % by weight of the 
condensable hydrocarb<Stns are cycloalkanes. 

25 

893. The method of claim 867, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by Wume of the non-condensable 
component, and wherein the hydrogen is less than abot^t 80 % by volume of the non- 
30 condensable component. 
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894. The method of claim 867, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

895. The method of claim 867, wherein the produced mixture comprises ammonia, and 
5 wherein the antoonia is used to produce fertilizer. 

896. The methoa of claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 

10 least about 2.0 bar absblute. 

897. The method of claim 867, further comprising controlling formation conditions to 
produce a mixture of condemsabl/ hycftocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater ihqji about Q.5 bar. 

15 

898. The method of claim 8<|7\ wherein tlje partial pressure of H2 is measured when the 
mixture is at a production wellf 

899. The method of claim 867, furtlW^omprisfog altering a pressure within the 
20 formation to inhibit production of l^aro\arbons fron^the formation having carbon 

numbers greater than about 23. 



25 



900. The method of claim 867, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mkture into the formation. 

90 1 . The method of claim 86V, further comprising: 

providing hydrogen (H 2 ) to the heated sectioi\to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from h^drogenation. 



30 
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902. The method of claim 867, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

903. The ippthod of claim 867, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

904. The method of claim 867, wherein allowing the heat to transfer comprises 
10 substantially uniformly increasing a permeability of a majority of the selected section. 

905. The method of Maim 867, further comprising controlling the heat to yield greater 
than about 60 % by weight or condensable hydrocarbons, as measured by Fischer Assay. 



15 906. The method of claim 867, wherein producing the mixture comprises producing 
the mixture in a production well, ancKwherein at least about 7 heat sources are disposed in 
the formation for each prod action wel 



907. The method of clair i &^7\further comprising providing heat from three or more 
20 heat sources to at least a pc irion onthe formatioii^wherein three or more of the heat 

sources are located in the f sionationyn a unit of heat sources, and wherein the unit of heat 
sources comprises a triang liar patter 



908. The method of clai n 867, furthq: comprising providing heat from three or more 
25 heat sources to at least a portion of the foWation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wierein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 909. A method of treating a coal formation in &tu, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allbwing the heat to transfer from the one or more heat sources to a selected 

section of me formation; 
5 producing a mixture from the formation through at least one production well; 

moniioring a temperature at or in the production well; and 
controlling heat input to raise the monitored temperature at a rate of less than 

about 3 °C perWy. 

10 910. The method of claim 90y, wherein the one or more heat sources comprise at least 
two heat sources, and wherein^uperposition of heat from at least the two heat sources 
pyrolyzes at least soSme hydrocarbons within the selected section of the formation. 

911. The method of\lain£ 909, wherein the one or more heat sources comprise 
15 electrical heaters. 

912. The method of cla/r^ 909, \>4ferein th^ne or more heat sources comprise surface 
burners. 

20 913. The method of daim 909, wherein the one or more heat sources comprise 
flameless distributed c©mbustors\ 



25 



914. The method of claim 909, wH^rein the one or more heat sources comprise natural 
distributed combustois. 

915. The method of claim 909, furtherVomprising controlling a pressure and a 
temperature within at least a majority of ths selected section of the formation, wherein 
the pressure is controlled as a function of terr^perature, or the temperature is controlled as 
a function of pressure. 



30 
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916. The method of claim 909, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 

917. TheVnethod of claim 909, wherein providing heat from the one or more heat 
sources to atvleast the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherem the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein Heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = A*f\c v */> 5 

wherein Pwr us the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density. 

918. The method of cMaim ©09, wherein allowing the heat to transfer comprises 
transferring heat substantial^ by conduction. 

919. The method of claim V09, A^rain providing heat from the one or more heat 
sources comprises heating ftheaelected seotion such that a thermal conductivity of at least 
a portion of the selected scofaonVs greater tlran about 0.5 W/(m °C). 



920. The method of cltim 
hydrocarbons having an 



909, wherein the produced mixture comprises condensable 
API gravityW at least about 25°. 



92 1 . The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



922. The method of claim 909, wherein the^produced mixture comprises non- 
condensable hydrocarbons, wherein a molar rarao of ethene to ethane in the non- 
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)ndensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

923. \The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



10 



924. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, Vnd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



15 



20 



25 



925. The methodVof claim 909, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less ttfanlabout 1 % by weight, when calculated on an atomic 
basis, of the condensate hydro/arbors is sulfur. 

926. The method of claim P09, wherein the produced mixture comprises condensable 
hydrocarbons, wherein aboM 5 % by waight to about 30 % by weight of the condensable 



hydrocarbons comprise oxygfen containir 
containing compounds coir priise phenol 



927. The method of claijn 
hydrocarbons, and whereii 
hydrocarbons are aromatic 



928. The method of clatfn 
hydrocarbons, and wherei 



ipounds, and wherein the oxygen 



90^,Vvherein the produced mixture comprises condensable 
greater uian about 20 Yo by weight of the condensable 
compounds. 



909, wherem the produced mixture comprises condensable 
less than abou\ 5 % by weight of the condensable 



hydrocarbons comprises multi-ring aromati&s with more than two rings. 



929. The method of claim 909, wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein less than about 0.3 °\ by weight of the condensable 
hydrocarbons are asphaltenes. 
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930. TShe method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



10 



93 1 . The mVthod of claim 909, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wnbrein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



932. The method of qlaim 909, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0/05 % py weight of the produced mixture is ammonia. 

15 933. The method of claim 909, wWpdn the produced mixture comprises ammonia, and 
wherein the ammonia is uAedvto jaroduOe fertilizer. 



20 
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934. The method of claim 909L further comprising controlling a pressure within at least 
a majority of the selecte&section )pf the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



935. The method of claim 909, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about (A5 bar. 

936. The method of claim 935, wherein tn^ partial pressure of H2 is measured when the 
mixture is at a production well. 



937. The method of claim 909, further comprismg altering a pressure within the 
30 formation to inhibit production of hydrocarbons fro\ the formation having carbon 
numbers greater than about 25. 
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938. The method of claim 909, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

5 939. The method of claim 909, further comprising: 

providing H 2 to the heated section to hydrogenate hydrocarbons within the 
section; and 

heating k portion of the section with heat from hydrogenation. 



10 



15 



940. The methotl of claim 909, wheifei: 
condensable hydrocarbons, the metttod fUrther 
produced condensable hydrocarbons with 



941. The method of dlaim 90£, whereir 
increasing a permeabilit^of a/najority of 
millidarcy. 



the produced mixture comprises hydrogen and 
comprising hydrogenating a portion of the 
at least a portion of the produced hydrogen. 



allowing the heat to transfer comprises 

he selected section to greater than about 100 



20 



942. The method of claim 909, wtierein allowing the heat to transfer comprises 
substantially uniformly in/reasrpg a permeability of a majority of the selected section. 

943. The method of c&im 999, ^further comprising controlling the heat to yield greater 
than about 60 % by weifght of condensable hydrocarbons, as measured by Fischer Assay. 



944. The method oi claim 909, wherein producing the mixture comprises producing 
25 the mixture in a production well, and wH^rein at least about 7 heat sources are disposed in 
the formation for eadh production well. 



30 



945. The method pf claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formatiW wherein three or more of the heat 
sources are located in me formation in a unit of l\eat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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946. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources ar&located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



947. A method of treating a coal formation in situ, comprising: 

heating a pbrtion of the formation to a temperature sufficient to support oxidation 
10 of hydrocarbons wirhin the portion, wherein the portion is located substantially adjacent 
to a wellbore; 

flowing an oxidant thi/ojugh a conduit positioned within the wellbore to a heat 
source zone within the pprtio i,lwherein the heat source zone supports an oxidation 
reaction between hydrocairbo island the oxidant; 
15 reacting a portion of 1he oxidant with hydrocarbons to generate heat; and 

transferring generated heataubstantially by conduction to a pyrolysis zone of the 
formation to pyrolyze at leasfta pokion of the hydrocarbons within the pyrolysis zone. 



948. The method of claira 94 x wherein heating the portion of the formation comprises 
20 raising a temperature of tha portion above about 400 °C. 

949. The method of claim 947, wherein the conduit comprises critical flow orifices, the 
method further comprising flowing ^oxidant through the critical flow orifices to the 
heat source zone. 



25 



950. The method of claim 947, further comprising removing reaction products from the 
heat source zone through the wellbore. 



951. The method of claim 947, further comprising removing excess oxidant from the 
30 heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 
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952. The method of claim 947, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

953. Theunethod of claim 947, further comprising heating the conduit with reaction 
5 products being removed through the wellbore. 

954. The m&thod of claim 947, wherein the oxidant comprises hydrogen peroxide. 



O 

o 
m 
J= 

H 

m 
w 

E 

o 
-p 

fy 

•F 

O 



955. The method of claim 947, wherein the oxidant comprises air. 

10 

956. The method^pf claim 947, wherein the oxidant comprises a fluid substantially free 
of nitrogen. 



957. The method of cmim 947, farther comprising limiting an amount of oxidant to 
15 maintain a temperature of\he neat source zone less than about 1200 °C. 

958. The method of claimflJ47, )yneqpin heating the portion of the formation comprises 
electrically heating the formatic 

20 959. The method of claim 947, wherein Heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 



25 



960. The method of^laim 947, wherein heating the portion of the formation comprises 
heating the portion with a flameless distributed combustor. 

961 . The method of claim 947, further comprising controlling a pressure and a 
temperature within at least a majority of the pwolysis zone, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



30 
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962. The method of claim947, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

963. The method of claim 947, wherein heating the portion comprises heating the 

5 pyrolysis zona such that a thermal conductivity of at least a portion of the pyrolysis zone 
is greater than kbout 0.5 W/(m °C). 

964. The method of claim 947, further comprising controlling a pressure within at least 
a majority of the pwolysis zone of the formation, wherein the controlled pressure is at 

10 least about 2.0 bar absolute. 
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965. The method of Maim 9 All further comprising: 
providing hydrogen (Fb/to thq pyrolysis zone to hydrogenate hydrocarbons 

within the pyrolysis zone;\and , 

heating a portion ofVhe pyrolysk zone with heat from hydrogenation. 

966. The method of claim £47, wherejl^fransferring generated heat comprises 
increasing a permeability of/a rri^jq^rfy of \c pyrolysis zone to greater than about 100 
millidarcy. 

967. The method of claifm 947, wherein transferring generated heat comprises 
substantially uniformly increasing a peWeability of a majority of the pyrolysis zone. 



968. The method of cltim 
25 about 60 % by weight 



im 947, wherein\he heating is controlled to yield greater than 
ofl condensable hydrocarbons, as measured by Fischer Assay. 



969. The method of claim 947, wherein the ^ellbore is located along strike to reduce 
pressure differentials aloi\g a heated length of th^vellbore. 

30 970. The method of claim 947, wherein the wellbo\^ is located along strike to increase 
uniformity of heating along a heated length of the wellWe. 
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971 . The method of claim 947, wherein the wellbore is located along strike to increase 
control onheating along a heated length of the wellbore. 

972. A method of treating a coal formation in situ, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidant; 

flowing Yhe oxidant into a conduit, and wherein the conduit is connected such that 
the oxidant can flow from the conduit to the hydrocarbons; 

allowing tire oxidant and the hydrocarbons to react to produce heat in a heat 
source zone; 

allowing heat k> transfer from the heat source zone to a pyrolysis zone in the 
formation to pyrolyze a{ least a jprftpn of the hydrocarbons within the pyrolysis zone; 
and 

removing reaction Woditcts su&h that the reaction products are inhibited from 
flowing from the heat source^zc ne to tnjp pyrolysis zone. 

973. The method of claim 91 
raising the temperature of the 



, whereimheating the portion of the formation comprises 
]6n abo Aabout 400 °C. 



974. The method of claim 9^2, wherein heating the portion of the formation comprises 
electrically heating the formati on. 

975. The method of claim 972, wherein\eating the portion of the formation comprises 
heating the portion using exha ist gases fron^ surface burner. 

\ 

976. The method of claim 972, wherein the cokduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices to the 
heat source zone. 
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977. The method of claim 972, wherein the conduit is located within a wellbore, 
wherein removing reaction products comprises removing reaction products from the heat 
source zona through the wellbore. 

5 978. The method of claim 972, further comprising removing excess oxidant from the 
heat source zoire to inhibit transport of the oxidant to the pyrolysis zone. 

979. The methou of claim 972, further comprising transporting the oxidant from the 
conduit to the heat ^purce zone substantially by diffusion. 

10 

980. The method ofxlaim 972, wherein the conduit is located within a wellbore, the 
method further comprising heating the conduit with reaction products being removed 
through the wellbore to r^ise a t^riporature of the oxidant passing through the conduit. 

15 981 . The method of claimY72, wherein the oxidant comprises hydrogen peroxide. 

982. The method of claim 97a wherem the oxidant comprises air. 

983. The method of clapi 972/v^erein tn^ oxidant comprises a fluid substantially free 
20 of nitrogen. 



984. The method of c 
maintain a temperature 



aim 972, furtheXcomprising limiting an amount of oxidant to 
of the heat source Vone less than about 1200 °C. 



25 985. The method of claim 972, further corm>rising limiting an amount of oxidant to 
maintain a temperature of the heat source zon^t a temperature that inhibits production 
of oxides of nitrogen. 



986. The method of claim 972, wherein heating apportion of the formation to a 
30 temperature sufficient to support oxidation of hydrocarbons within the portion further 
comprises heating with a flameless distributed combustor. 
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987. T5ie method of claim 972, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 

5 function of pressure. 

988. The metnpd of claim 972, further comprising controlling the heat such that an 
average heating r&e of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

10 989. The method M claim 972, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



20 
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990. The method of claim 972(\wherein allowing heat to transfer comprises heating the 
pyrolysis zone such that ^thenpal Conductivity of at least a portion of the pyrolysis zone 



15 is greater than about 0.5 \\\(m 

99 1 . The method of claim 
a majority of the pyrolysis zon! 
absolute. 



C). 



2, further comprising controlling a pressure within at least 
. wherewL^e controlled pressure is at least about 2.0 bar 



992. The method of claim 97 



ther comprising: 



providing hydrogen (H£ to tl^e pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating a portion of the |>yrolysi\ zone with heat from hydrogenation. 

993. The method of claim 972, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of th\ pyrolysis zone to greater than about 100 
millidarcy. 



30 994. The method of claim 972, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 
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995. The method of claim 972, further comprising controlling the heat to yield greater 
than aboik 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

996. An iAsitu method for heating a coal formation, comprising: 

heatina a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is locateai substantially adjacent to an opening in the formation; 

providing me oxidizing fluid to a heat source zone in the formation; 

allowing tha oxidizing gas to react with at least a portion of the hydrocarbons at 
the heat source zone\o generate heat in the heat source zone; and 

transferring thd generated heat substantially by conduction from the heat source 
zone to a pyrolysis zonAin the formation. 

997. The method of claim 996, further comprising transporting the oxidizing fluid 
through the heat source zoneYpy diffusion. 



998. The method of claim 0%, furtHfer comprising directing at least a portion of the 
oxidizing fluid into the opening flh*6ugh\)rifices of a conduit disposed in the opening. 



999. The method of clain 
fluid with critical flow orififces 
oxidation is controlled. 



1 000. The method of claiiji 
method further comprising 
the conduit. 



9916, fllrther comprising controlling a flow of the oxidizing 
of a conduit disposed in the opening such that a rate of 



996, wherein a conduit is disposed within the opening, the 
emoving an o^dation product from the formation through 

V 



1001 . The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
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le conduit and transferring substantial heat from the oxidation product in the conduit to 
th\ oxidizing fluid in the conduit. 

1002\ The method of claim 996, wherein a conduit is disposed within the opening, the 
5 methoa further comprising removing an oxidation product from the formation through 
the commit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to aVlow rate of the oxidation product in the conduit. 

1003. The ipethod of claim 996, wherein a conduit is disposed within the opening, the 
10 method furtherVomprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conJiuit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



15 1004. The method of claim 9%, whenein a center conduit is disposed within an outer 
conduit, and wherein the Vuteij conduit \s disposed within the opening, the method further 
comprising providing the oxiaizing fluid into the opening through the center conduit and 
removing an oxidation prodult througMlVe outer conduit. 



20 1005. The method of claim 
opening a width of less than 



25 



30 



996Vvherein theJieat source zone extends radially from the 
approximately 0. 1 i 



1006. The method of claim 
electrical current to an electfic 



1007. The method of claim 
the heat source zone. 



996, wherein heating the portion comprises applying 
heater disposed within the opening. 



996, wherein th\pyrolysis zone is substantially adjacent to 



1008. The method of claim 996, further comprisin&controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
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pressure is controlled as a function of temperature, or the temperature is controlled as a 
iction of pressure. 

1009A The method of claim 996, further comprising controlling the heat such that an 
5 averaga heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

1010. Tne method of claim 996, wherein allowing the heat to transfer comprises 
transferrinaheat substantially by conduction. 



10 1011. The m&hod of claim 996, wherein allowing heat to transfer comprises heating the 
portion such that a thermal conductivity of at least a portion of the pyrolysis zone is 
greater than abou\0.5 W/(m^C). 



20 




1012. The method of cliiim 995, further comprising controlling a pressure within at least 
15 a majority of the pyrol^is zone,^vherein the controlled pressure is at least about .2.0 bar 
absolute. 



1013. The method of dlain\996, 

providing hydro *en (Mto the 
within the pyrolysis zor e; jimA 
heating a portio 



comprising: 

frolysis zone to hydrogenate hydrocarbons 



r of the pytolysis zone with heat from hydrogenation. 



1014. The method of claim 996, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority \f the pyrolysis zone to greater than about 100 
25 millidarcy. 



1015. The method of claim 996, wherein allWing the heat to transfer comprises 
substantially uniformly increasing a permeabiliw of a majority of the pyrolysis zone. 



30 1016. The method of claim 996, further comprisin^controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1017. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formations 

allowing the heat to transfer from the one or more heat sources to a selected 
section of th^formation; 

producing a mixture from the formation; and 

maintaining an average temperature within the selected section above a minimum 
pyrolysis temperaWe and below a vaporization temperature of hydrocarbons having 
carbon numbers greater than 25 to/iffllbit production of a substantial amount of 
hydrocarbons havingVarbon numbers gtreater than 25 in the mixture. 



15 



1018. The method of cl^im 1017, wherein the one or more heat sources comprise at 
least two heat sources, anA wherein superposition of heat from at least the two heat 
sources pyrolyzes at lea^t sflune hydrocarbons within the selected section of the 
formation. 



1019. The method of 
the selected section < 
20 temperature range. 



laim VOly, wherein maintaining the average temperature within 
ises maintaining the tenroerature within a pyrolysis 



1020. The method of\claim 1017, wherein the one or more heat sources comprise 
electrical heaters. 



25 1 02 1 . The method of claim 1017, wherein t^e one or more heat sources comprise 
surface burners. 

1022. The method of claim 1017, wherein the onf or more heat sources comprise 
flameless distributed combustors. 
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1023. The method of claim 1017, wherein the one or more heat sources comprise natural 
distributee! combustors . 

1024. The method of claim 1017, wherein the minimum pyrolysis temperature is greater 
5 than about 270VC. 

1 025. The methoM of claim 1017, wherein the vaporization temperature is less than 
approximately 450 °C at atmospheric pressure. 
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1 0 1 026. The method of ctaim 1 0 1 7/nirtlw comprising controlling a pressure and a 

temperature within at least a marority of me selected section of the formation, wherein 
the pressure is controlled as^a function of ^pmperature, or the temperature is controlled as 
a function of pressure. 

1 5 1 027. The method of claim 1 0V7, fiifther coAmrising controlling the heat such that an 
average heating rate of thgselec^i section is le^ than about 1 °C per day during 
pyrolysis. 

1028. The method of claim 1017, wherein providing heat from the one or more heat 
20 sources to at least the portion of formation comprise^ 

heating a selected volume (V) of tWe coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least som 5 hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided t<\the volume is equal to or less than Pwr, 
25 wherein Pwr is calculated by the equation: 
Pwr = /z*F*C v */>* 

wherein Pwr is the heating energy/day, h is ah average heating rate of the 
formation, p B is formation bulk density, and wherein tn^ heating rate is less than about 10 
°C/day. 
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1029. The method of claim 1017, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1030. The method of claim 1017, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portionpf the selected section is greater than about 0.5 W/(m °C). 

103 1 . The metlrod of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons havmg an API gravity of at least about 25°. 

1032. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein ab/out 0.l\% by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins! 

1033. The method of claim 1017, whebrein the produced mixture comprises non- 
condensable hydrocarbons, and whereimabout 0.1 % by weight to about 15 % by weight 
of the non-condensable lwdrocarbonsare olefins. 



1034. The method of clpimyf 0 17, wherein thesproduced mixture comprises non- 
condensable hydrocarbons/ wher&n a molar ratio of ethene to ethane in the non- 
condensable hydrocarbo ns is less tijan about 0.15, and wherein the ratio of ethene to 
ethane is greater than atnut 0.001. 



1035. The method of c 
hydrocarbons, and wherein 
basis, of the condensable 



aim 1017, wherein the produced mixture comprises condensable 
in less than about 1 % by weight, when calculated on an atomic 
hydrocarbons isViitrogen. 



1036. The method of cMulIOI 7, wherein tfte produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °Ahy weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1037. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 1038. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbonsX wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

10 1 039. The methodW claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compour 



4= 15 



1040. The method of claVn 101#, whdjrein the produced mixture comprises condensable 
hydrocarbons, and wherein Xes^than about 5 % by weight of the condensable 
hydrocarbons comprises mulft/ring aromatics with more than two rings. 



20 
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1 04 1 . The method of claim/l 0 17, wWei A the produced mixture comprises condensable 
hydrocarbons, and wherein /ess than about (\3 % by weight of the condensable 
hydrocarbons are asphaltenjes. 



1 042 . The method of clai n 
hydrocarbons, and wherein 
condensable hydrocarbons 



017, wherein the produced mixture comprises condensable 
about 5 % by weight to about 30 % by weight of the 
are cycloalkanes\ 



1 043 . The method of claim 1017, wherein the Voduced mixture comprises a non- 
condensable component, whWein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % byVolume of the non-condensable 
component, and wherein the hydrogen is less than abo^it 80 % by volume of the non- 
condensable component. 
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1044. The method of claim 1017, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1045. ThAmethod of claim 1017, wherein the produced mixture comprises ammonia, 
and whereimthe ammonia is used to produce fertilizer. 

1046. The memod of claim 1017, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.y bar absolute. 

1047. The method Af claim L6J7, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is grWen than about 0.5 bar. 

1048. The method of claim 1047, ^herein the partial pressure of H2 is measured when 
the mixture is at a production well. 



1049. The method of cMm ^OYl, wher&n controlling formation conditions comprises 
recirculating a portion of hy^rogdui from tnte mixture into the formation. 

1050. The method of cl aim 1017, norther comprising: 

providing hydros en (H2) to th\ heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion^ the section wkh heat from hydrogenation. 



1051. The method of claim 1017, wherein tne produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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1052. The method of claim 1017, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcyX 

5 1053. The rhethod of claim 1017, wherein allowing the heat to transfer comprises 
substantially ujniformly increasing a permeability of a majority of the selected section. 



10 



15 



1054. The metftod of claim 1017, further comprising controlling the heat to yield greater 
than about 60 % iW weight of condensable hydrocarbons, as measured by Fischer Assay. 

1055. The method W claim 1017,\wherein producing the mixture comprises producing 
the mixture in a production wel/ and wherein at least about 7 heat sources are disposed in 
the formation for each production vdell. 

1 056. The method of claim /l 0 1 7, fixrther comprising providing heat from three or more 
heat sources to at least a portion of th& formation, wherein three or more of the heat 
sources are located in the f<pKnation in Wnit of heat sources, and wherein the unit of heat 
sources comprises a triangAla\pat1j 
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1057. The method of claim f0\ \ further comprising providing heat from three or more 



heat sources to at least a 
sources are located in the 



sources comprises a triar gular pattenAand wherein a plurality of the units are repeated 



over an area of the form; 



ortion oraie formation, wherein three or more of the heat 
formation \n a unit of heat sources, wherein the unit of heat 



lion to form a Repetitive pattern of units. 



1058. A method of trea^g a coal formation in situ, comprising: 

providing heat from one or more hea^sources to at least a portion of the 
formation; 

allowing the heat to transfer from the on^or more heat sources to a selected 
section of the formation; 
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sontrolling a pressure within the formation to inhibit production of hydrocarbons 
from the formation having carbon numbers greater than 25; and 
producing a mixture from the formation. 

5 1059. The method of claim 1058, wherein the one or more heat sources comprise at 
least two heatVources, and wherein superposition of heat from at least the two heat 
sources pyrolyz^s at least some hydrocarbons within the selected section of the 
formation. 

10 1060. The method \f claim 1058, wherein the one or more heat sources comprise 
electrical heaters. 

1061 . The method of cl^im 1|558, ^herein the one or more heat sources comprise 
surface burners. 

15 

1062. The method of clain4\1058, wfye^ein the one or more heat sources comprise 
flameless distributed combjustors. 

1063. The method of cl^nyl058^whereil^ the one or more heat sources comprise natural 
20 distributed combustors. 

1064. The method of claim 1058, furtraer comprising controlling a temperature within at 
least a majority of the selected section oMie formation, wherein the pressure is 
controlled as a function of temperature, or\]ie temperature is controlled as a function of 

25 pressure. 

1065. The method of claim 1064, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 
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1066. The method of claim 1058, further comprising controlling the heat such that an 
average Heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



5 1067. The method of claim 1058, wherein providing heat from the one or more heat 
sources to at leak the portion of formation comprises: 

heating a Selected volume (V) of the coal formation from the one or more heat 
sources, wherein tMe formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equarteui: 
Pwr = h*V*C v *p}\ 

wherein Pwr is the f^eatin^energyAlay, h is an average heating rate of the 
formation, p B is formation bu^c pensity, an^ wherein the heating rate is less than about 10 
15 °C/day. 



1068. The method of claim 1[05& wWein allowing the heat to transfer comprises 
transferring heat substantially by induction. 



20 1069. The method of claiiri K)58, whferein providing heat from the one or more heat 
sources comprises heating jfhe selected iWmation suctf that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1070. The method of clai n 1058, wherein tfie produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at leasnabout 25°. 
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1071. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to^about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1072. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the nonncondensable hydrocarbons are olefins. 

5 1073. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater\han about 0.001. 

10 1074. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and ^erein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1075. The method of c\aim 10^8, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein lefes tftan about 1 % by weight, when calculated on an atomic 
basis, of the condensable IwdrocaAbons is oxygen. 



20 



1076. The method of claim u058, ^herein the produced mixture comprises condensable 
hydrocarbons, and wherein leJs'Oian M)out 1 % by weight, when calculated on an atomic 
basis, of the condensable/ h^aroVarbons\s sulfur. 



1077. The method of c 
hydrocarbons, wherein 
hydrocarbons comprise 



aim 1058L wherein the produced mixture comprises condensable 
ibout 5 % W weight to about 30 % by weight of the condensable 
oxygen containing compounds, and wherein the oxygen 



25 containing compounds comprise phenols. 



1078. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than aljout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1079. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1080. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, Wd wherein less than about 0.3 % by weight of the condensable 
hydrocarbons aip asphaltenes. 

1081. The methoM of claim 1058, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 



1082. The method of (Maim l$5 
condensable component,\whe/ein 
1 5 wherein the hydrogen is g\e*#er th; 
component, and wherein 
condensable component. 



hydro 



, wherein the produced mixture comprises a non- 
he non-condensable component comprises hydrogen, 
about 10 % by volume of the non-condensable 
n is less than about 80 % by volume of the non- 



1083. The method of cla^m l&S'Jf, wharein the produced mixture comprises ammonia, 
20 and wherein greater than/abmit ©.05 % b\ weight of the produced mixture is ammonia. 



25 



1084. The method of claim 1058,\wherein the produced mixture comprises ammonia, 
and wherein the ammor ia is used to\produce fertilizer. 

1085. The method of c^aim 1 058, furfcer comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1086. The method of claim 1058, further comprising controlling formation conditions to 
30 produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of Hb 
within the mixture is greater than about 0.5 be 
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1087. The method of claim 1086, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 

5 1088. TheVnethod of claim 1058, wherein controlling formation conditions comprises 
recirculatingxa portion of hydrogen from the mixture into the formation. 



10 



1089. The meuiod of claim 1058, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section! and 

heating a portion of the sfedfcon with heat from hydrogenation. 



1090. The method oa claim 1(058, wherein the produced mixture comprises hydrogen 
and condensable hydroVarbons, the method further comprising hydrogenating a portion of 
15 the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



20 



1091. The method of claim 1058/wherein allowing the heat to transfer comprises 
increasing a permeability pf ^majority onjie selected section to greater than about 100 
millidarcy. 

1092. The method of claim 1058, wherein allowing the heat to transfer comprises 
substantially uniformly ncreasing\a permeability of a majority of the selected section. 



1093. The method of c 
25 than about 60 % by wei 



aim 1058, further comprising controlling the heat to yield greater 
g|ht of condensable hydrocarbons, as measured by Fischer Assay. 



1094. The method of claim 1058, wherein producing the mixture comprises producing 
the mixture in a production well, and whengin at least about 7 heat sources are disposed in 
the formation for each production well. 



30 
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1095. The method of claim 1058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



1096. The mbthod of claim 1058, further comprising providing heat from three or more 
heat sources tcVat least a portion of the formation, wherein three or more of the heat 
sources are loca\ed in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



15 
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1097. A method of treating a coal formation in situ, comprising: 
providing heat^rom onp pr more heat sources to at least a portion of the 

formation; 

allowing the heat\o tijknsi^r from the one or more heat sources to a selected 
section of the formation; 

producing a mixturdyfrom th£ formation, wherein the produced mixture comprises 
condensable hydrocarbons/at^ wherein about 0. 1 % by weight to about 15 % by weight 
of the condensable hydro^bcffTs are olefins. 

1098. The method of claim 109^, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1099. The method of claim 1097, whe^fin the one or more heat sources comprise 
electrical heaters. 



1 1 00. The method of claim 1 097, wherein fl|ie one or more heat sources comprise 
30 surface burners. 
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1101. The method of claim 1097, wherein the one or more heat sources comprise 
flamelessNdistributed combustors. 

1 102. The method of claim 1097, wherein the one or more heat sources comprise natural 
5 distributed combustors. 



10 



1 103. The method of claim 1097, further comprising controlling a pressure and a 
temperature withtti at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



15 



1 104. The method ofxlaim 1097, wherein controlling the temperature comprises 
maintaining the temperature within^lje selected section within a pyrolysis temperature 
range. 

1 105. The method of clain\l0/>7, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



20 1 1 06. The method of claim jl 097\ wherein providing heat from the one or more heat 
sources to at least the portion of foraiation^comprises: 

heating a selected vcMme (Vppf the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons wkhin the selected volume of the formation; and 
25 wherein heating em rgy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B / 

wherein Pwr is the /eating energy/day, K is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
30 °C/day. 



373 



Conley, Rose & Tayon, P C. 



1 1 07. The method of claim 1 097, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 108. The method of claim 1097, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portionW the selected section is greater than about 0.5 W/(m °C). 



10 
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1109. The method of claim 1 097, wherein the produced mixture comprises condensable 
hydrocarbons havW an API gravity of at least about 25°. 

1110. The method M claim 10W, wl Lerein the produced mixture comprises condensable 
hydrocarbons, and wnferein abcmt 0.1 Yo by weight to about 15 % by weight of the 
condensable hydrocarbons aije olefins 

1111. The method of claMn 1 097, wherein the produced mixture comprises non- 
condensable hydrocarbons,Wd whe^B about 0.1 % by weight to about 15 % by weight 
of the non-condensable mydracaroons ar\ olefins. 



20 
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1112. The method of claim 10917, wherein the produced mixture comprises non- 
condensable hydrocarpons, wherqn a molar ratio of ethene to ethane in the non- 



condensable hydroca 
ethane is greater than 



25 hydrocarbons, and w 



bons is less t\an about 0.15, and wherein the ratio of ethene to 
about 0.001. 



1113. The method c f claim 1097, whecein the produced mixture comprises condensable 



lerein less than about 1 % by weight, when calculated on an atomic 



basis, of the condensable hydrocarbons is nitrogen. 

1114. The method of claim 1097, wherein theo^roduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % w weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1115. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of me condensable hydrocarbons is sulfur. 

5 1116. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbon! wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

10 1117. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are ar&matic compounds. 

1118. The method oflclaim/ 10971 wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein lless thin about 5 % by weight of the condensable 

hydrocarbons comprises mpti-ring\aromatics with more than two rings. 

1119. The method of claim 1097, vfa&ein the produced mixture comprises condensable 
hydrocarbons, and whereih Hessian a1\out 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenesV 

1 120. The method of claim 10V7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboul 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cyqoalkanes. 

25 

1121. The method of claim 1097, herein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than aftout 10 % by volume of the non-condensable 
component, and wherein the hydrogen is^less than about 80 % by volume of the non- 
30 condensable component. 
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1 122. The method of claim 1097, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 123. TheVmethod of claim 1097, wherein the produced mixture comprises ammonia, 
5 and whereimthe ammonia is used to produce fertilizer. 
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1 124. The method of claim 1097, further comprising controlling a pressure within at 
least a majoriMof the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 125. The method of claim 1097, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture isWeater thanWbout 0.5 bar. 



15 1 126. The method of Jrtaim 1 125 ^Kerein the partial pressure of H2 is measured when 
the mixture is at a prpdiuction^ell. 

1 127. The method o^claim 1097, furthV comprising altering a pressure within the 
formation to inhibjft producfton of hydrocarbons from the formation having carbon 



20 numbers greater 



Lan about : 



1 128. The method of claim lfl|97, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



25 1 129. The method of claim 1097,mirther comprising: 

providing hydrogen (H2) to flje heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section With heat from hydrogenation. 
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1 130. 'Khe method of claim 1097, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1131. The method of claim 1 097, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

10 1132. The method\of claim 1 097, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



15 
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1 133. The method of qaim 1097,mirther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1134. The method of claim 1 097, wherein pWmcing the mixture comprises producing 
the mixture in a production wel, and wh^ein 2(f least about 7 heat sources are disposed in 
the formation for each production wel| 

1 135. The method of claim 1P9\ further comprising providing heat from three or more 
heat sources to at least a portion ofthe formation, wherein three or more of the heat 
sources are located in the formation \i a unit of heat sources, and wherein the unit of heat 
sources comprises a triangula L pattern) 

1 136. The method of claim 1 097, furtheX comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unitW heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wnferein a plurality of the units are repeated 
over an area of the formation to form a repetitiA pattern of units. 

1137. A method of treating a coal formation in sitV comprising: 



377 



Conley, Rose & Tayon, P.C. 



10 



20 



Seating a section of the formation to a pyrolysis temperature from at least a first 
heat sourpe, a second heat source and a third heat source, and wherein the first heat 
source, thd second heat source and the third heat source are located along a perimeter of 
the sectionA 

controlling heat input to the first heat source, the second heat source and the third 
heat source ta limit a heating rate of the section to a rate configured to produce a mixture 
from the formation with an olefin content of less than about 15% by weight of 
condensable flilids (on a dry basis) within the produced mixture; and 

producing the mixture from the formation through a production well. 

1138. The method\of claim 1 137, wherein superposition of heat form the first heat 
source, second heat sburce, and third heat source pyrolyzes a portion of the hydrocarbons 
within the formation t© fluids 



15 1 139. The method of clfcim 1 1 
270 °C and about 400 °C 



erein the pyrolysis temperature is between about 



1 140. The method of claim \l 2 7, where\g^e first heat source is operated for less than 
about twenty four hours a day.) 



1141. The method of claim 1 1 
heater. 

1 142. The method of claim 1 
25 burner. 



wherein the fhst heat source comprises an electrical 




, vraerein the first heat source comprises a surface 



1 143. The method of claim 1 13 whereVi the first heat source comprises a flameless 
distributed combustor. 

30 1 144. The method of claim 1137, wherein tl^e first heat source, second heat source and 
third heat source are positioned substantially anapexes of an equilateral triangle. 
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1 145. The method of claim 1137, wherein the production well is located substantially at 
a geometitical center of the first heat source, second heat source, and third heat source. 

1 146. The Ynethod of claim 1137, further comprising a fourth heat source, fifth heat 
source, and slbcth heat source located along the perimeter of the section. 

1 147. The memod of claim 1 146, wherein the heat sources are located substantially at 
apexes of a reguflar hexagon. 

1 148. The methodxof claim /14y, wherein the production well is located substantially at 
a center of the hexagon. 

1 149. The method of pl^im 1 137,1 further comprising controlling a pressure and a 
temperature within at least a majority of the section of the formation, wherein the 
pressure is controlled aspifunction ^f temperature, or the temperature is controlled as a 
function of pressure. 

1 150. The method of claim 1^37, wheredn controlling the temperature comprises 
maintaining the tempeptij^e wirjjin the selected section within a pyrolysis temperature 
range. 



1151. The method o 
average heating rate < 



claim 1 137, mrther comprising controlling the heat such that an 
f the section is Jess than about 3 °C per day during pyrolysis. 



1 152. The method of-claim 1 137, further comprising controlling the heat such that an 
average heating rate of the section is less man about 1 °C per day during pyrolysis. 



1 153. The method of claim 1137, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr 9 
wherein PwAis calculated by the equation: 

Pwr Aji*V*C v *p B 

whereiAiVr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

1 1 54. The method ©f claims 1 1 :ft7 , wherein heating the section of the formation 
comprises transferrins hea/ substantially by conduction. 

1 1 55. The method of cmim 1 1 37Awherein providing heat from the one or more heat 
sources comprises heatina the section such that a thermal conductivity of at least a 
portion of the section is greater fodn\ibout 0.5 W/(m °C). 

1 1 56. The method oflcbum \l37, wherein the produced mixture comprises condensable 
hydrocarbons having MAPI gravity of at\ast about 25°. 

1 1 57. The method of claim 1 1 31L wherein the produced mixture comprises condensable 
hydrocarbons, and wfterein about ©.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1158. The method of claim 1137, wnerein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . \ 
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1 159. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1 160. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbonsAand wherein less than about 1 % by weight, when calculated on an atomic 



basis, of the condensable hydroca 



x>ns is oxygen. 



1161. The metqpd of claim M37 : wherein the produced mixture comprises condensable 
10 hydrocarbons, anffl wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable h/ydrocarpons is sulfur. 



15 



1462. The method pf claim 1 137, wherejp the produced mixture comprises condensable 
hydrocarbons, wherqiiyabout 5 % hjnweight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygejafcontaining compounds, and wherein the oxygen 
containing compounaacojacfprise phenolV 



1 163. The method pf ckim 1 137, whereimthe produced mixture comprises condensable 
hydrocarbons, and JwHerein greater than about 20 % by weight of the condensable 
20 hydrocarbons are aromatia compounds. 



25 



1 164. The method of claim\l 137, wherein the produced mixture comprises condensable 
hydrocarbons, ani wherein lqss than about 5 % by weight of the condensable 
hydrocarbons coi iprises multi\ring aromatics with more than two rings. 

1 165. The method of claim 1117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tl\an about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1 166. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 167. The method of claim 1137, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1 168. The method of Maim 1137, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.0ft % by weight of the produced mixture is ammonia. 



1 169. The method of claim 1 137, \wierein the produced mixture comprises ammonia, 
15 and wherein the ammonia iaused to produce fertilizer. 



20 



1 170. The method of claim V\37, fitffKfer comprising controlling a pressure within at 
least a majority of the selected sWtion of\he formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1171. The method of clai: 
produce a mixture of cond 



within the mixture is great ?r than about 0.5 bar. 



1 137, mxrther comprising controlling formation conditions to 
disable hydrocarbons and H2, wherein a partial pressure of H2 



25 1 1 72. The method of claim 1171, wherellp the partial pressure of H2 is measured when 
the mixture is at a production well. 

1 173. The method of claim 1137, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons\from the formation having carbon 
30 numbers greater than about 25. 
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1 174. The method of claim 1137, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 175. Theunethod of claim 1 137, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



10 



15 



1 176. The method of claim 1137, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method} further comprising hydrogenating a portion of 



the produced condensable hydrocarbons w 

1 1 77. The method of claim 1 1 3 ll heating 
permeability of a majority of the section t( > 



th at least a portion of the produced hydrogen. 

the section comprises increasing a 
ater than about 100 millidarcy. 



1178. The method of claim A 1 37fwhereii 1 heating the section comprises substantially 
uniformly increasing a perr^rbility of a majority of the section. 



1 179. The method of claim lv37, further comprising controlling the heat to yield greater 
20 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 180. The method ofrclaim 1 13X wherein producing the mixture comprises producing 
the mixture in a production well, ahd wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



25 



1181. The method of claim 1137, fuittier comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a tjnit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 
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1182. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources areMocated in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area oftthe formation to form a repetitive pattern of units. 



10 



15 



20 



1 183. A method V" treating a coal formation in situ, comprising: 

providing he^t from one or more heat sources to at least a portion of the 
formation; 

allowing the hekt to transfer from the one or more heat sources to a selected 
section of the formation;\and 

producing a mixture from the'fdmiation, wherein the produced mixture comprises 
condensable hydrocarbons, and wMerein lass than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 



1 1 84. The method of claim 1 



S3, wherein tire one or more heat sources comprise at 



least two heat sources, and whs rein superod£m\n of heat from at least the two heat 



sources pyrolyzes at least sonu 
formation. 

1 1 85. The method of claim 1 
electrical heaters. 



hydrocarbons wimin the selected section of the 



83, wherein the one or more heat sources comprise 



1 1 86. The method of claim 1 1 837wherein tn^ one or more heat sources comprise 
25 surface burners. 

1 1 87. The method of claim 1183, wherein the one^or more heat sources comprise 
flameless distributed combustors. 

30 1188. The method of claim 1 1 83, wherein the one or nfyre heat sources comprise natural 
distributed combustors. 
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1 1 89. The method of claim 1183, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function o¥ pressure. 
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1 190. The m&hod of claim 1 189, wherein controlling the temperature comprises 
maintaining the\emperature within the selected section within a pyrolysis temperature 
range. 

1191. The method ctf claim 1 183, further comprising controlling the heat such that an 
average heating rate o^the sele^tep section is less than about 1 °C per day during 
pyrolysis. 

1 192. The method of claiWl 183, Vherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {Vjfoi the coal formation from the one or more heat 
sources, wherein the formation ms an zfyerage heat capacity (C v ), and wherein the heating 
pyrolyzes at least soirie hydro^arfijpns within the selected volume of the formation; and 
wherein heating energy/dawpro videch^o the volume is equal to or less than Pwr, 
wherein Pwr is calculated/ by the equation: 
Pwr = h*V*C v *p» 

wherein Pwr is th i heating energV/day, h is an average heating rate of the 
formation, p B is formationjxilk density, an$ wherein the heating rate is less than about 10 
°C/day. 



1 193. The method of claim 1 183, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1 1 94. T^ie method of claim 1183, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portton of the selected section is greater than about 0.5 W/(m °C). 

5 1 1 95. The method of claim 1183, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



10 



1 1 96. The methoa of claim 1 1 8 fi wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abaut d 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons ara olefins. 



15 



20 



1 197. The method of claim fl 1 83, wherein the produced mixture comprises non- 
condensable hydrocarbon^, and wher&in about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are okfins. 



1198. The method of claiifr 
condensable hydrocarbons 
condensable hydrocarbons 
ethane is greater than aboi t 



lM O; wherena the produced mixture comprises non- 
whrarein a molar Wio of ethene to ethane in the non- 
is iesathan about 0.15, and wherein the ratio of ethene to 
0.00 1: 



1 199. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aV)ut 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons Is oxygen. 



25 1200. The method of claim 1 1 83, whereinuhe produced mixture comprises condensable 
hydrocarbons, and wherein less than about lyo by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulf 



1201. The method of claim 1 183, wherein the produced mixture comprises condensable 
30 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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^drocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

120A The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



10 



1 203 . Th& method of claim 1183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons\comprises multi-ring aromatics with more than two rings. 



15 



25 



1204. The metHsod of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, anctavherem Itess than about 0.3 % by weight of the condensable 
hydrocarbons are asRhaltjenes\ 



1205. The method of 
hydrocarbons, and whe 
condensable hydrocarbons 



20 1206. The method of 



k aim 1 1 8^, wherein the produced mixture comprises condensable 
em aboy*"?\% by weight to about 30 % by weight of the 
r e cycloalkanes. 



lafan 1\83, wherem the produced mixture comprises a non- 



condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen s greater thWi about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1207. The method of claim 1 1 83, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1208. The method of claim 1 183, wherein thegsroduced mixture comprises ammonia, 
30 and wherein the ammonia is used to produce ferrUizer. 
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1 209. The method of claim 1183, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

5 1210. The method of claim 1183, further comprising controlling formation conditions to 
produce a mixmire of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1211. The methoM of claim 1211, wherein the partial pressure of H2 is measured when 
10 the mixture is at a production well. 



15 



20 



1212. The method ofVlaim 1 /86, further comprising altering a pressure within the 
formation to inhibit production oi^hydrocarbons from the formation having carbon 
numbers greater than abo\rt 45. 



1213. The method of clai 
recirculating a portion of hyc 

1214. The method of claim 



1 183, wherein controlling formation conditions comprises 
pgen from the mixture into the formation. 



providing hydrogen (I 
within the section; and 

heating a portion of the 

1215. The method of claim 1 



theiu;omprising: 
2n\ the heatra^section to hydrogenate hydrocarbons 

section with heat from hydrogenation. 



83, wherein the produced mixture comprises hydrogen 
25 and condensable hydrocarbonsLthe method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1216. The method of claim 1183, wherein allVwing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
30 millidarcy. 
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1217. The method of claim 1 183, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1218. The nfethod of claim 1 1 83, further comprising controlling the heat to yield greater 
5 than about 60 °\ by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



15 



20 



1219. The method of claim 1 183, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eacmproduction well. 

1220. The method of claim 1 183, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation irk a unit of heat sources, and wherein the unit of heat 
sources comprises a triangulaWattern. 

1 22 1 . The method of claim 1 1 83L further comprising providing heat from three or more 
heat sources to at least a portion ofuhe formation, wherein three or more of the heat 
sources are located in the formation V a unit of {^sources, wherein the unit of heat 
sources comprises a triangular pkttem\and/^ierefti a plurality of the units are repeated 
over an area of the formation to Form appetitive pattern of units. 



25 



1222. A method of treating a coal formation in situ, comprising: 

providing heat from one qr more hea^ources to at least a portion of the 
formation; 

allowing the heat to transfer from the on\or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation, wtikrein the produced mixture comprises 
condensable hydrocarbons, and wherein less than abotot 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is ipxygen. 



30 
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1223. T^Jie method of claim 1222, wherein the one or more heat sources comprise at 
least two meat sources, and wherein superposition of heat from at least the two heat 
sources pyiplyzes at least some hydrocarbons within the selected section of the 
formation. 

5 

1224. The method of claim 1222, wherein the one or more heat sources comprise 
electrical heaters 

1225. The metho^ of claim 1222, wherein the one or more heat sources comprise 
10 surface burners. 

1226. The method oli claim/ 1222,\wherein the one or more heat sources comprise 
flameless distributed cambustors. 



1 5 1 227. The method of cla\ 
distributed combustors. 

1228. The method of claim 
temperature within at least a 

20 the pressure is controlled as 
a function of pressure. 

1 229. The method of claim 
maintaining the temperature 

25 range. 



1222, wlrerein the one or more heat sources comprise natural 



l\22, ftjtffier c&jiprising controlling a pressure and a 
majpfity of the selected section of the formation, wherein 
lion of temperature, or the temperature is controlled as 



1 228, wherein controlling the temperature comprises 
within the selected section within a pyrolysis temperature 



V 



1230. The method of claim 1222, further comprising controlling the heat such that an 
average heating rate of the selected section is les§ than about 1 °C per day during 
pyrolysis. 



30 
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123 1 . The method of claim 1222, wherein providing heat from the one or more heat 
sources toat least the portion of formation comprises: 

hearing a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at lqast some hydrocarbons within the selected volume of the formation; and 

whereinMieating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr =h*WC v *p B 

wherein Pwk is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk deputy, and wherein the heating rate is less than about 10 

°C/day. 



15 



1232. The method of clamy 1222, wlrerein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1233. The method of claim 1^22, wfeffreui providing heat from the one or more heat 
sources comprises heating the seated secfton such that a thermal conductivity of at least 
a portion of the selected Rectum greater than about 0.5 W/(m °C). 



20 1234. The method of 
hydrocarbons having ar 



1 235. The method of c 
hydrocarbons, and wher 



(flaim 1222, wherein the produced mixture comprises condensable 
API gravity oft at least about 25°. 

aim 1222, wherem the produced mixture comprises condensable 
pin about 0. 1 % by Weight to about 1 5 % by weight of the 



25 condensable hydrocarboi\sare olefins. 

1236. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about Q.l\o by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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1237. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.00 1 . 

5 \ 

1238. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

10 1239. The method ©f claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wfterein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensab\e hydrocarbons is oxygen. 

1240. The method of claim 122E, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein\ess train about 1 % by weight, when calculated on an atomic 
basis, of the condensable/hyarocarDons is sulfur. 



20 



25 



1241. The method of c 
hydrocarbons, wherein 
hydrocarbons comprise 
containing compounds 



aim 1222fwaerein the produced mixture comprises condensable 
iboirtO %U>y weight to about 30 % by weight of the condensable 
oxygen comaining^compounds, and wherein the oxygen 
comprise phenols. 



1 242. The method of dlaim 1 222, whetein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than zfyout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1243. The method of claim 1222, wherein tire produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 %\by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1244. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1245. The mVthod of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, aSnd wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



10 



1246. The method of claim 1222, wherein the produced mixture comprises a non 



condensable component, wherein the nc 



wherein the hydrogen rls greater than aroout 10 % by volume of the non-condensable 



component, and whereii^the hydrogen is 
condensable component. 



condensable component comprises hydrogen, 



ess than about 80 % by volume of the non- 



15 1247. The method of claimu^^, whpdp the produced mixture comprises ammonia, 
and wherein greater than aboifl O.QSvo by\weight of the produced mixture is ammonia. 



20 



1248. The method of clairtf(L22S, wherein the produced mixture comprises ammonia, 
and wherein the ammoniayls used to produce fertilizer. 

1249. The method of claim 1222, further comprising controlling a pressure within at 
least a majority of the selected section^f the formation, wherein the controlled pressure 
is at least about 2.0 bad absolute. 



25 1250. The method of claim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar^ 



1251. The method of claim 1250, wherein the partial pressure of H2 is measured when 
30 the mixture is at a production well. 
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1252. The method of claim 1222, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers grater than about 25. 

5 1253. The nkthod of claim 1222, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1254. The method of claim 1222, further comprising: 

providing Hydrogen (H 2 ) p t\ie heated section to hydrogenate hydrocarbons 
10 within the section; and 

heating a portion of thi sectioil with heat from hy drogenation. 



15 



1255. The method of claimf 1222, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the metHpd further comprising hydrogenating a portion of 
the produced condensable hydrocarbons wkjy^f least a portion of the produced hydrogen. 



20 



1256. The method of claim l\>22f wherein flowing the heat to transfer comprises 
increasing a permeability of ^r\ajority of the selected section to greater than about 100 
millidarcy. 



1257. The method of c 
substantially uniformly 



aim 1222, wherein allowing the heat to transfer comprises 
: ncreasing a permeability of a majority of the selected section. 



1258. The method of claim 1222, furthe\ comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensableWdrocarbons, as measured by Fischer Assay. 



1259. The method of claim 1222, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein a^ least about 7 heat sources are disposed in 
the formation for each production well. 



30 
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1260. The method of claim 1222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources areUocated in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



1261 . The method of claim 1222, further comprising providing heat from three or more 
heat sources to a\ least a portion of the formation, wherein three or more of the heat 
sources are locates in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



u 15 



■£ 20 



25 



1262. A method of treking a coal formation in situ, comprising: 

providing heat frc^n one pr m|pre heat sources to at least a portion of the 
formation; 

allowing the heat to ifaiisfer frdjn the one or more heat sources to a selected 
section of the formation; and 

producing a mixture fn 
condensable hydrocarbons, 



ie formation, wherein the produced mixture comprises 
/herein leas than about 1 % by weight, when calculated 



on an atomic basis, of the come&Sable hydrocarbons is sulfur. 

1263. The method of claim 1262, \wierein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocajbons within the selected section of the 
formation. 

1264. The method of claim 1262, wherein ftje one or more heat sources comprise 
electrical heaters. 



1265. The method of claim 1262, wherein the onp or more heat sources comprise 
30 surface burners. 
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1266. The method of claim 1262, wherein the one or more heat sources comprise 
flamelessViistributed combustors. 

1267. The method of claim 1262, wherein the one or more heat sources comprise natural 
5 distributed cofcnbustors. 



10 



1268. The method of claim 1262, further comprising controlling a pressure and a 
temperature withwi at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressuxe. 



15 



1269. The method onflaim 1268, wherein controlling the temperature comprises 
maintaining the temperature wi^iin^the selected section within a pyrolysis temperature 
range. 

1270. The method of claim\i262, father comprising controlling the heat into such that 
an average heating rate of thfr\ electpd^iection is less than about 1 °C per day during 
pyrolysis. 



20 1271 . The method of cl^jp 1262\wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (Vyof the coal formation from the one or more heat 
sources, wherein the form: ition has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons wimin the selected volume of the formation; and 
25 wherein heating energy/day proviated to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by^the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, Ms an average heating rate of the 
formation, p B is formation bulk density, and wher\in the heating rate is less than about 10 
30 °C/day. 
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1272. The method of claim 1262, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1273. The method of claim 1262, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1274. The methoM of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1275. The method ofVlaim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherW about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbon\aref olefms. 



15 1276. The method of claimM262, whVrein the produced mixture comprises non- 
condensable hydrocarbons, anil whereimabout 0.1 % by weight to about 15 % by weight 
of the non-condensable hyqrocaibons ar^Slefins. 



20 



1277. The method of cl 
condensable hydrocarbo 
condensable hydrocarbo 



ethane is greater than abput 0.001 



1278. The method of c 



1^52, wherein tke produced mixture comprises non- 
yherein \ molar rafcio of ethene to ethane in the non- 
less thanVbout O.lSS&id wherein the ratio of ethene to 



aim 1262, whereimthe produced mixture comprises condensable 



25 hydrocarbons, and whei sin less than about 1 Vo by weight, when calculated on an atomic 
basis, of the condensable^hydrocarbons is nitrogen. 

1279. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by yveight, when calculated on an atomic 
30 basis, of the condensable hydrocarbons is oxygen. 
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1280. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocartons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

5 \ 

1281. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, ahd wherein greater than about 20 % by weight of the condensable 
hydrocarbons are\aromatic compounds. 

10 1282. The methodVof claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multiAig aromatics with more than two rings. 



15 
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1283. The method of cmim/ 1 262\ wherein the produced mixture comprises condensable 
hydrocarbons, and whereJViiess tha^i about 0.3 % by weight of the condensable 
hydrocarbons are asphalter es. 



1284. The method of claifri 
hydrocarbons, and wherei 
condensable hydrocarbons 



62, wherein the produced mixture comprises condensable 
ab&ut 5 % byWight to about 30 % by weight of the 
are cycloalkanes. 



1285. The method of cla m 1262Awherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than Jlbout 10 % by volume of the non-condensable 
component, and wherein tjip hydrogen 1^ less than about 80 % by volume of the non- 
condensable component. 



30 



1286. The method of claim 1262, wherein uie produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1287. The method of claim 1262, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1288. The method of claim 1262, further comprising controlling a pressure within at 

5 least a majonty of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1289. The method of claim 1262, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 

10 within the mixture\is greater than about 0.5 bar. 

1290. The method oV claim 12J& wherein the partial pressure of H2 is measured when 
the mixture is at a production well \ 

15 1291. The method of claW 1 262, ftrther comprising altering a pressure within the 
formation to inhibit produc^on of hydrocarbons from the formation having carbon 
numbers greater than aboul 

1292. The method of claim 1^262, wherein controlling formation conditions comprises 
20 recirculating a portion of nVdrogem from theSjiixture into the formation. 



25 



1293. The method of claim 1262, further comprising: 

providing hydrogen (H2) to the^xeated section to hydrogenate hydrocarbons 
within the section; and 

heating a portionlof the section wi¥i heat from hydrogenation. 



30 



1294. The method of claim 1262, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method furaaer comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at\east a portion of the produced hydrogen. 



Conley, Rose & Tayon, P.C. 



1295. TJhe method of claim 1262, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy: 

5 1296. The method of claim 1262, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



10 
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1297. The methoM of claim 1262, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1298. The method of claim 1262, wherein producing the mixture comprises producing 
the mixture in a production well,yand wherein at least about 7 heat sources are disposed in 
the formation for each productim! Veil. 



1299. The method of claim\lj262, farther comprising providing heat from three or more 
heat sources to at least a portion of th^ formation, wherein three or more of the heat 
sources are located in the forfn^ion in \ unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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1300. The method of claim 1/62, mrther comprising providing heat from three or more 
heat sources to at least a portion of the formatio\ wherein three or more of the heat 
sources are located in the f >rmation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, aJad wherein a plurality of the units are repeated - 
over an area of the formation to form a repetitive pattern of units. 



1301 . A method of treating a coal format ionVn situ, comprising: 

raising a temperature of a first section of the formation with one or more heat 
sources to a first pyrolysis temperature; 

heating the first section to an upper pyroly&s temperature, wherein heat is 
supplied to the first section at a rate configured to inhibit olefin production; 
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producing a first mixture from the formation, wherein the first mixture comprises 
condensable hydrocarbons and H2; 

creating a second mixture from the first mixture, wherein the second mixture 
comprises aVhigher concentration of H2 than the first mixture; 

raising a temperature of a second section of the formation with one or more heat 
sources to a second pyrolysis temperature; 

providing a portion of the second mixture to the second section; 
heating the second section to an upper pyrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 
producing a rhird mixture from the second section. 



1302. The method of claim 1301\ wherein creating the second mixture comprises 
removing condensable hydrodarbons from the first mixture. 

15 1303. The method of claimJ 1 301, wherein creating the second mixture comprises 
removing water from the firslWxture\ 



20 



1304. The method of claim 130Y, wherein creating the second mixture comprises 
removing carbon dioxide fyom tn^jfirst mixtt^e. 

1305. The method of claifn 1301, wherein the first pyrolysis temperature is greater than 
about 270 °C. 



1306. The method of claim 1301, where^L the second pyrolysis temperature is greater 
25 than about 270 °C. 

1307. The method of claim 1301, wherein the\upper pyrolysis temperature is about 500 
°C. 



30 1 308. The method of claim 1301, wherein the one\or more heat sources comprise at 
least two heat sources, and wherein superposition of Beat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the first or second selected section 
onthe formation. 

1309\ The method of claim 1301, wherein the one or more heat sources comprise 
5 electrical heaters. 

1310. Tnse method of claim 1301, wherein the one or more heat sources comprise 
surface burners. 

10 1311. The mVthod of claim 1301, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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1312. The methou of claim 130Jr, ^herein the one or more heat sources comprise natural 
distributed combusibrs. 

1313. The method of Vlaim 1301, furftier comprising controlling a pressure and a 
temperature within at ledst a niajority ojraie first section and the second section of the 
formation, wherein the pr&ssip is oontro\led as a function of temperature, or the 
temperature is controlled aAai function of pressure. 



1314. The method of clai 
second sections such that ai 
than about 1 °G per day during 



1 a01, further comprising controlling the heat to the first and 
aveWe heating rate of the first and second sections is less 
pyrolysis. - - 



1301, wtt^rein heating the first and the second sections 



1315. The method of clairh 
comprises: 

heating a selected volume (V) of tfte coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ) ? and wherein the heating 
pyrolyzes at least some hydrocarbons within tloe selected volume of the formation; and 

wherein heating energy/day provided to \c volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
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wmerein Pwr is the heating energy/day, h is an average heating rate of the 
formation,)^ is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 

1316. The memod of claim 1301, wherein heating the first and second sections 
comprises transferring heat substantially by conduction. 

1317. The methocftof claim 1301, wherein heating the first and second sections 

10 comprises heating thfe first and second sections such that a thermal conductivity of at least 
a portion of the first and second sections is greater than about 0.5 W/(m °C). 



15 



1318. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbonsViavingfln API gravity of at least about 25°. 

1319. The method of claim K501, wher&in the first or third mixture comprises 
condensable hydrocarbons, an<M^herein aoout OA % by weight to about 15 % by weight 
of the condensable hydrocarbonpwe olefir 
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1 320. The method of claim 1 30 1 ywdierein thetfirst or third mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons raiJges fromVbout 0.001 to about 0.15. 



1321. The method of claim 
condensable hydrocarbons, aid 
on an atomic basis, of the con 



301, whereiiMie first or third mixture comprises 
wherein lessNjhan about 1 % by weight, when calculated 
ensable hydrocarbons is nitrogen. 
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1322. The method of claim 1301, wherein the fir\t or third mixture comprises 
condensable hydrocarbons, and wherein less than apput 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons oxygen. 
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1323. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

1324. The method of claim 1301, wherein the first or third mixture comprises 
condensable lWdrocarbons, wherein about 5 % by weight to about 30 % by weight of the, 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

1325. The methoaof claim 1301, wherein the first or third mixture comprises 
condensable hydrocM>ons, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

1326. The method of claim 13i01, whereim the first or third mixture comprises 
condensable hydrocarbons anal wherein less than about 5 % by weight of the 
condensable hydrocarbons Comprises mj*lti\ring aromatics with more than two rings. 

1 327. The method of claim AtBGTI 9 wherein tne first or third mixture comprises 
condensable hydrocarbons, ancftwherein less than about 0.3 % by weight of the 
condensable hydrocarbons are aSphaltenes. 

1328. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cyclpalkanes. 

1329. The method of claim 1301, wherein the first or third mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 
hydrogen, and wherein the hydrogen is greaW than about 1 0 % by volume of the non- 
condensable component and wherein the hydrogen is less than about 80 % by volume of 
the non-condensable component. \ 
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1330. The method of claim 1301, wherein the first or third mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1331. Tha method of claim 1301, wherein the first or third mixture comprises ammonia, 
5 and whereinuhe ammonia is used to produce fertilizer. 
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1332. The m&thod of claim 1301, further comprising controlling a pressure within at 
least a majority tof the first or second sections of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

1333. The methomof claim 1301, further comprising controlling formation conditions to 
produce a mixture oi\condensa#lel hydrocarbons and H 2? wherein a partial pressure of H 2 
within the mixture is greater /han about 0.5 bar. 



15 1334. The method of cfai 
measured when the mixtu 

1335. The method of cl; 
formation to inhibit prod 
20 numbers greater than ah 



25 




herein the partial pressure of H 2 within a mixture is 
oduction well. 



comprising altering a pressure within the 
rbons from the formation having carbon 



1336. The method of dlaim 130l\further comprising: 

providing hydrdgen (H 2 ) to She first or second section to hydrogenate 
hydrocarbons within tne first or second section; and 

heating a portion of the first oAecond section with heat from hydrogenation. 
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1337. The method of claim 1301, further\comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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1338. The method of claim 1301, further comprising increasing a permeability of a 
majority of the first or second section to greater than about 100 millidarcy. 

1339. Thelmethod of claim 1301, further comprising substantially uniformly increasing 
5 a permeability of a majority of the first or second section. 

1 340. The method of claim 1301, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1341 . The methofi of claim 1301, wherein producing the first or third mixture comprises 
producing the first Of third mixture in a production well, and wherein at least about 7 heat 
sources are disposed™ the fonrifation for each production well. 

1342. The method of claim A 3011 further comprising providing heat from three or more 
heat sources to at least a uomon on the formation, wherein three or more of the heat 
sources are located in the fe/rmatiomij^unit of heat sources, and wherein the unit of heat 
sources comprises a triangfilar txifter 

1343. The method of claim 1501, furtheropmprising providing heat from three or more 



heat sources to at least a 
sources are located in th< : 
sources comprises a triar l: 



)ortion\of the formation, wherein three or more of the heat 
formation in a unit of heat sources, wherein the unit of heat 
gular pattern, and wherein a plurality of the units are repeated 
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over an area of the formation to form a repetitive pattern of units. 

1344. A method of treating a coal formation in situ, comprising: 

providing heat from one or moreyieat sources to at least a portion of the 
formation; 

allowing the heat to transfer from th\ one or more heat sources to a selected 
section of the formation; 

producing a mixture from the formatioi\ and 



Conley, Rose & Tayon, P.C. 



lydrogenating a portion of the produced mixture with H2 produced from the 
formation. 

1345. Tha method of claim 1344, wherein the one or more heat sources comprise at 
5 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1346. The method of claim 1344, further comprising maintaining a temperature within 
10 the selected section within a pyrolysis temperature range. 

1347. The method of claim 1344, wherein the one or more heat sources comprise 
electrical heaters. 

15 1348. The method of cl^im f 344, ^herein the one or more heat sources comprise 
surface burners. 

1349. The method of claim|\[^l4, whe)^in the one or more heat sources comprise 
flameless distributed combiffitQrs. 

20 

1350. The method of claiip 134^, wherein the one or more heat sources comprise natural 
distributed combustors. 

1351. The method of claim 1344, fukher comprising controlling a pressure and a 
25 temperature within at least a majority oMie selected section of the formation, wherein 

the pressure is controlled as a function ot\emperature, or the temperature is controlled as 
a function of pressure. 



1352. The method of claim 1344, further comprising controlling the heat such that an 
30 average heating rate of the selected section is lesfe than about 1 °C per day during 
pyrolysis. 
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1353. The method of claim 1344, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
5 sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at Peast some hydrocarbons within the selected volume of the formation; and 

whereia heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is Calculated by the equation: 

Pwr — hW*C v *p B 

10 wherein Pwr is the heating energy/day, h is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1354. The method of claim 1344,Yvherein allowing the heat to transfer comprises 
15 transferring heat substantially by conduction. 
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1355. The method of claim 
sources comprises heating the 
a portion of the selected sectior 



3}44, wherein providing heat from the one or more heat 
lert&L section such that a thermal conductivity of at least 
d greaterVhan about 0.5 W/(m °C). 



1356. The method of claim 1344,Wierein the produced mixture comprises condensable 
hydrocarbons having an API giavityW at least about 25°. 

-------- J - \ 

1357. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % u$ weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1358. The method of claim 1344, wherein tha produced mixture comprises non- 
condensable hydrocarbons, and wherein a molam*atio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.00J to about 0.15. 
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1359. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of tHe condensable hydrocarbons is nitrogen. 

1360. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons,\and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1361. The methoM of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1 362. The method of claim 13, 
hydrocarbons, wherein al\out ; 
hydrocarbons comprise c 
containing compounds com 



herein the produced mixture comprises condensable 
iweight to about 30 % by weight of the condensable 
containing compounds, and wherein the oxygen 
ise phenyls. 



1 363. The method of clairrf 1 3\K,^vher\in 
hydrocarbons, and wherein /greater than al 
hydrocarbons are aromatic jcompo Wis 



the produced mixture comprises condensable 
20 % by weight of the condensable 



1 364. The method of claifn 1 344, wi 
"hydrocarbons, and whereiH less than al 
hydrocarbons comprises mUlti-ring aro 



erein the produced mixture comprises condensable 
ut 5 % by weight of the condensable - 
tics with more than two rings. 



1365. The method of claim 1344, whereinyie produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0\ % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1 366. The method of claim 1 344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cyclpalkanes. 
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1 367. The Aethod of claim 1 344, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hyMrogen is greater than about 10 % by volume of the non-condensable 
component, and\wherein the hydrogen is less than about 80 % by volume of the non- 
condensable conroonent. 

1368. The methoa of claim 1344, wherein the produced mixture comprises ammonia, 
and wherein greater than aboutb.OS % by weight of the produced mixture is ammonia. 



1369. The method ofVlaim 1344 wherein the produced mixture comprises ammonia, 
15 and wherein the ammonia /s used t\ produce fertilizer. 

1370. The method of clgfifti 1344, foMer comprising controlling a pressure within at 
least a majority of the seljbctki settion oi^the formation, wherein the controlled pressure 
is at least about 2.0 bar apsohke. 



20 



1371. The method of claim 134*, further comprising controlling formation conditions to 
produce the mixture, wherein a pa\tial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



25 1372. The method of claim 1344, whJtrein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



30 



1373. The method of claim 1344, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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1374. The method of claim 1344, further comprising: 
pWiding hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the\section; and 

healing a portion of the section with heat from hydrogenation. 

1375. The nWhod of claim 1344, wherein allowing the heat to transfer comprises 
increasing a pejpieability of a majority of the selected section to greater than about 100 
millidarcy. 

1376. The methoM of claim 1344, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1377. The method oralaim 1344yiurther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1378. The method of claim 1144, wnerein producing the mixture comprises producing 
the mixture in a production w^l and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1 379. The method of claim 
heat sources to at least a portijD 
sources are located in the fonhatio 
sources comprises a triangula 



3 ^4 ^further comprising providing heat from three or more 
the formation wherein three or more of the heat 
in a unit of heat sources, and wherein the unit of heat 
patter 



1380. The method of claim 1M4, further comprising providing heat from three or more 
heat sources to at least a portion of the foSrmation, wherein three or more of the heat 
sources are located in the formation in a uAit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1381. A method of treating .a coal formation in\situ, comprising: 
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teating a first section of the formation; 
producing H 2 from the first section of formation; 
hearnig a second section of the formation; and 

recirculating a portion of the H 2 from the first section into the second section of 
the formation ttj provide a reducing environment within the second section of the 
formation. 

1382. The method iof claim 1381, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 

1383. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a surface burner. 



1384. The method of claim Wherein heating the first section or heating the second 
15 section comprises heating wittm flamSdess distributed combustor. 

1385. The method of claim*li8l\wherep heating the first section or heating the second 
section comprises heating wittt a natural distributed combustor. 



38rrfufther comprising controlling a pressure and a 
majority o\the first or second section of the formation, 
as a miction of temperature, or the temperature is 



20 1386. The method of claim 
temperature within at least a 
wherein the pressure is contifclled 

controlled as a function of pressure 



25 1387. The method of claim 1381, further comprising controlling the heat such that an 
average heating rate of the first or second sectfyn is less than about 1 °C per day during 
pyrolysis. 



1388. The method of claim 1381, wherein heating^the first section or heating the second 
30 section further comprises: 
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aeating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr\s calculated by the equation: 

wherein YVr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1389. The method oY claim 1381, wherein heating the first section or heating the second 
section comprises transferring heaf substantially by conduction. 

1390. The method of claim 13 Si, w lerein heating the first section or heating the second 
section comprises heating me fcpnatiin such that a thermal conductivity of at least a 
portion of the first or seconmsection isWeater than about 0.5 W/(m °C). 
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1391. The method of claim 1/3^ 1 , ftfrthe^comprising producing a mixture from the 
second section, wherein the pfrod^jfeed mixtur^comprises condensable hydrocarbons 
having an API gravity of at ljbast about 25°. 
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1392. The method of clai 
second section, wherein th( 
wherein about 0.1 % by we 
are olefins. 



1381, further comprising producing a mixture from the 
produced mixture comprises condensable hydrocarbons, and 
ight to about\15 % by weight of the condensable hydrocarbons 
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1393. The method of claim 1381, further qpmprising producing a mixture from the 
second section, wherein the produced mixture comprises non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane\n the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 
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1394. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein le^s than about 1 % by weight, when calculated on an atomic basis, of the 
condensabl^hydrocarbons is nitrogen. 
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1395. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less thanVibout 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

1 396. The method oY claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about V % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

1 397. The method of clahmlB8 1 , further comprising producing a mixture from the 
second section, wherein the produced rm^fure comprises condensable hydrocarbons, and 
wherein about 5 % by weight/ 1& atodt 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing jcop(pounds, ana^wherein the oxygen containing compounds 
comprise phenols. 
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1398. The method of claim 1381, fi!b*ther comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and- 
wherein greater than about £0 % by weight of the condensable hydrocarbons are aromatic 
compounds. 
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1399. The method of claim 1381, further opmprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 
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1400. Ihe method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein le9s than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 
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1 40 1 . The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 °\ by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

1402. The method oft claim 1381, further comprising producing a mixture from the 
second section, wherein the produofeti mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % b^ volume onthe non-condensable component, and wherein the 
hydrogen is less than about ©0 % by volume of the non-condensable component. 



20 



1403. The method of claim 13f81 ? former comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of tjjfe produced mixture is ammonia. 

1404. The method of claim h 38 1 , forther comprising producing a mixture from the 
second section, wherein the producecnmixture comprises ammonia, and wherein the 
ammonia is used to produce fertilizer. 



25 1 405 . The method of claim! 1381, forthe\f comprising controlling a pressure within at 
least a majority of the first or second sectiop of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 



1406. The method of claim 1381, further comprising controlling formation conditions to 
30 produce a mixture of condensable hydrocarbon^and H 2 , wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 
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1407. The method of claim 1406, wherein the partial pressure of H 2 within a mixture is 
measuredVvhen the mixture is at a production well. 

1408. The method of claim 1381, further comprising altering a pressure within the 
formation to mhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 409. The metHbd of claim 1381, further comprising: 

providing hydrogen (H2) to the second section to hydrogenate hydrocarbons 
within the section; and 

heating a ponion of tfte second section with heat from hydrogenation. 

1410. The method of claim 1381 A further comprising : 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a ponion of tn£ produced condensable hydrocarbons with at least a 

portion of the produced hyarogen. 

1411. The method of claim) li^, wherein heating the first section or heating the second 
section comprises increasing! a permeability of^a majority of the first or second section, 
respectively, to greater than abou\l 00 millidarcy . 

1412. The method of claim IB 8.1, wherein heating the first section or heating the second 
section comprises substantialMunifornjly increasing a permeability of a majority of the 
first or second section, respectively. 



1413. The method of claim 1381, further comprises controlling the heating of the first 
section or controlling the heat of the second s\ction to yield greater than about 60 % by 
weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1414. The method of claim 1381, further comprising producing a mixture from the 
formationVn a production well, and wherein at least about 7 heat sources are disposed in 
the formatiVi for each production well. 



1415. The meuiod of claim 1381, further comprising providing heat from three or more 
heat sources to a\ least a portion of the formation, wherein three or more of the heat 
sources are locates in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises ^triangular pattern. 



10 
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1416. The method oflslaim 1381, further comprising providing heat from three or more 
heat sources to at least aportion of the formation, wherein three or more of the heat 
sources are located in the fcrmation in# unit of heat sources, wherein the unit of heat 
sources comprises a triangular patterrf, Aid wherein a plurality of the units are repeated 
over an area of the formation\o form a repetitive pattern of units. 

1417. A method of treating a co$ formaijon in situ, comprising: 
providing heat from one explore h^f sources to at least a portion of the 

formation; 

allowing the heat to transjfer/rotm the^ne or more heat sources to a selected 
section of the formation; 

producing a mixture froiti the formation; and 
controlling formation conditions 
formation comprises condensab 



su<! 



that the mixture produced from the 
e hydrocarbons including H 2 >- wherein the partial- 



pressure of H2 within the mixtue is greater tha^j about 0.5 bar, 

1418. The method of claim 141^7, wherein the on& or more heat sources comprise at 
least two heat sources, and wherein superposition oiyieat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within Ijie selected section of the 
formation. 



30 
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1419. The method of claim 1417, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 1420. The nVethod of claim 1417, wherein the one or more heat sources comprise 
electrical heatSrs. 



O 

iO 

CO 

y 

~ 

Q 

ru 
a 



1421. The metlipd of claim 1417, wherein the one or more heat sources comprise 
surface burners. 

10 

1422. The method claim 141^, wherein the one or more heat sources comprise 
flameless distributed cbmbustors 

1423. The method of claim 14fl 7, wheqpin the one or more heat sources comprise natural 
1 5 distributed combustors . 

1424. The method of claim* £4 17, furti^r comprising controlling a pressure and a 
temperature within at least a nmjority of the selected section of the formation, wherein 
the pressure is controlled as affuWtion of temperature, or the temperature is controlled as 

20 a function of pressure. 



1425. The method of claim (1417, further comprising controlling the heat such that an 
average cheating rate of the selected-section is less than about 1 °C per day during 
pyrolysis. 

1426. The method of claim 1417, wherein^roviding heat from the one or more heat 
sources to at least the portion pf formation comprises: 

heating a selected volume {V) of the coal formation from the one or more heat 
sources, wherein the formation has an average hdat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 



25 



30 



418 



Conley, Rose & Tayon, P.C. 



* 



10 



/herein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Jfwr is calculated by the equation: 
Ptfk = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B \s formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1427. The methdd of claim 1417, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1428. The method otclaim 1417, wherein providing heat from the one or more heat 
sources comprises heating the socketed section such that a thermal conductivity of at least 
a portion of the selectedVection is greater than about 0.5 W/(m °C). 



15 1429. The method of claim/1417, wherein the produced mixture comprises condensable 
hydrocarbons having an Aflf^avjfy of at least about 25°. 



20 
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1430. The method of clafm f4\7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboutV).l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



143 1 . The method of claim 1417, wherein the produced mixture comprises non- 
condensable hydrocarbons, and whereia a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1432. The method of claim 1417, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1433. T$fre method of claim 1417, wherein the produced mixture comprises condensable 
hydrocartfbns, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 1434. The nWhod of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, Wd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1435. The methou of claim 1417, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons compmse oxygen containing compounds, and wherein the oxygen 
containing compound comprise phenols. 



1436. The method of (Maim 141y, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatia compounds. 



20 
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1437. The method of c 
hydrocarbons, and wheifein 
hydrocarbons comprises 



1438. The method of c 



aim Y 41 Vwheqrein the produced mixture comprises condensable 

less than about 5 % by weight of the condensable 
mmti-mng aromatic^ with more than two rings. 



aim 1417,\wherein the produced mixture comprises condensable 



hydrocarbons, and whei ein less than^about 0.3 % by weight of the condensable 
hydrocarbons are aspha tenes. 

1439. The method of claim 1417, wherW the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes\ 



30 1440. The method of claim 1417, wherein theVroduced mixture comprises a non- 
condensable component, wherein the non-conderteable component comprises hydrogen, 
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therein the hydrogen is greater than about 10 % by volume of the non-condensable 
coVponent, and wherein the hydrogen is less than about 80 % by volume of the non- 
conaensable component. 

5 1 44 1 . Mie method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



10 



25 



1442. The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein tha ammonia is used to produce fertilizer. 

1443. The method of claim 1417, further comprising controlling a pressure within at 
least a majority of tnk selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bak absolute. 



1417, ftirth 



1 5 1 444. The method of claim 1417, mrther comprising altering a pressure within the 
formation to inhibit productV? of hytyrc 



numbers greater than about 2: 



1 445 . The method of claim 
20 recirculating a portion of hydf ogi 



of hydrocarbons from the formation having carbon 



4l\/vherein controlling formation conditions comprises 
om ink mixture into the formation. 



417, further comprising: 

2) to the abated section to hydrogenate hydrocarbons 



1446. The method of claim 

providing hydrogen (IjT 
within the section; and 

heating a portion of thb section with\teat from hydrogenation. 



1447. The method of claim 141*7, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
30 portion of the produced hydrogen. 
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1448. The method of claim 1417, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

5 1449. The method of claim 1417, wherein allowing the heat to transfer comprises 
substantially umformly increasing a permeability of a majority of the selected section. 

1450. The methad of claim 1417, further comprising controlling the heat to yield greater 
than about 60 % b\ weight of condensable hydrocarbons, as measured by Fischer Assay. 



1451. The method oY claim 1417, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1452. The method of clailfci lfU7, further comprising providing heat from three or more 
heat sources to at least a poriri&n of tl^e formation, wherein three or more of the heat 
sources are located in the formation ir\a unit of heat sources, and wherein the unit of heat 



sources comprises a triangu 



£ r i 



1453. The method of claim 
heat sources to at least a 
sources are located in the formation 
sources comprises a triangu 
over an area of the formatioh 



7,\urther comprising providing heat from three or more 
poijtiofr-ef tftg formation, wherein three or more of the heat 
inVi unit of heat sources, wherein the unit of heat 
ar pattern, md wherein a plurality of the units are repeated 
to form a repetitive pattern of units. 



1454. The method of claim ^41 7, wherein tnte partial pressure of H2 within the mixture 
is measured when the mixture is at a productiomwell. 



1455. A method of treating a coal formation in sitA comprising: 
30 providing heat from one or more heat sources lp at least a portion of the 

formation: 
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illowing the heat to transfer from the one or more heat sources to a selected 
section oVthe formation; 

maintaining a pressure of the selected section above atmospheric pressure to 
increase a partial pressure of H 2 , as compared to the partial pressure of H 2 at atmospheric 
5 pressure, in at least a majority of the selected section; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

1456. The metlrod of claim 1455, wherein the one or more heat sources comprise at 
10 least two heat sounces, and wherein superposition of heat from at least the two heat 

sources pyrolyzes a| least some hydrocarbons within the selected section of the 
formation. 

1457. The method of elaim l455,Vurther comprising maintaining a temperature within 
15 the selected section witlnn afcyrolysis temperature range. 



1458. The method of claing 1455, whSy-ein the one or more heat sources comprise 
electrical heaters. 



20 1459. The method of claim 
surface burners. 



25 



[455, wherein the one or more heat sources comprise 



1455, wherein the one or more heat sources comprise 



1 460. The method of clai n 
flameless distributed combustors 

1461. The method of clair^l455, wherei^the one or more heat sources comprise natural 
distributed combustors. 



1462. The method of claim 1455, further comprising controlling the pressure and a 
30 temperature within at least a majority of the selected section of the formation, wherein 
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le pressure is controlled as a function of temperature, or the temperature is controlled as 
iction of pressure. 

1 463 \ The method of claim 1455, further comprising controlling the heat such that an 
averag^ieating rate of the selected section is less than about 1 °C per day during 
pyrolysis) 



10 
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1464. The method of claim 1455, wherein providing heat from the one or more heat 
sources to at lebst the portion of formation comprises: 

heating aVelected volume (V) of the coal formation from the one or more heat 
sources, wherein tlte formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the e^uatjon: 

Pwr = h*V*C v *pa\ 

wherein Pwr is the fteatiAg eneiby/day, h is an average heating rate of the 



formation, p B is formation 
°C/day. 



but 



density, land wherein the heating rate is less than about 10 



20 1 465 . The method of claim 1 ' 



transferring heat substantially by conduction. 



55,VvWein\allowing the heat to transfer comprises 



1 466. The method of claim 1 
sources comprises heating the 
a portion of the selected sectio: 



55 , wherein providingheat from the one or more heat 
ielected section such that a thermal conductivity of at least 
is greater titan about 0.5 W/(m °C). 



1467. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weign^ to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1468. Ttfie method of claim 1455, wherein the produced mixture comprises non- 
condensaBde hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensabte hydrocarbons ranges from about 0.001 to about 0.15. 

5 1469. The mqlhod of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1470. The method ©f claim 1455, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wHerein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1471 . The method of claifcn 1455, wlkrein the produced mixture comprises condensable 
hydrocarbons, and wherein\dss than alxmt 1 % by weight, when calculated on an atomic 
basis, of the condensable hydsrocarbons ris sulfur. 



1472. The method of clain 
hydrocarbons, wherein about 
hydrocarbons comprise ox^ 
containing compounds 



1 473 . The method of clain i 



14^5,>^ierein the produced mixture comprises condensable 
5 %\by weight to^about 30 % by weight of the condensable 
geiteonlaining compounds, and wherein the oxygen 
phenols. 



com prise 



1455, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein greater than aftput 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1474. The method of claim 1455, wherein the Vroduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % b\ weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1475. ^he method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 1476. The mdthod of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, Aid wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1477. The method of claim 1455, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogenVs greater thap^about 10 % by volume of the non-condensable 
component, and whereim the hydjrogei\is less than about 80 % by volume of the non- 
condensable component. 

15 1478. The method of clain\Y455, wherAin the produced mixture comprises ammonia, 
and wherein greater than abcAt 0.05 % bj\ weight of the produced mixture is ammonia. 
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1479. The method of claim 1456<wherein me produced mixture comprises ammonia, 
and wherein the ammonia is used\o produce fertilizer. 

1480. The method of claim 1455, farther comprising controlling the pressure within at 
least a majority of the seldcted section\of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



\ 



148 1 . The method of claim 1455, furtherVomprising increasing the pressure of the 
selected section, to an upper limit of about a1 bar absolute, to increase an amount of non- 
condensable hydrocarbons produced from th&formation. 



1482. The method of claim 1455, further composing decreasing pressure of the selected 
30 section, to a lower limit of about atmospheric pressure, to increase an amount of 
condensable hydrocarbons produced from the formation. 
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1483. The method of claim 1455, wherein the partial pressure comprises a partial 
pressure ftased on properties measured at a production well. 

1484. The method of claim 1455, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1485. The methoM of claim 1455, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1486. The method o^claim Y45]B, further comprising: 

providing hydrogen m 2 ) tb the heated section to hydrogenate hydrocarbons 
within the section; and \ / \ 

heating a portion ofi the secraon with heat from hydrogenation. 

1487. The method of claim \ 45 S^ibther comprising: 

producing hydrogen araf condensable hydrocarbons from the formation; and 
hydrogenating a portionW the produced condensable hydrocarbons with at least a 
portion of the produced nydrogem 

1488. The method of claim 1455, wherein allowing the heat to transfer comprises 
increasing a permeability of a majoritAof the selected section to greater than about 100 - 
millidarcy. \ 

1489. The method of claim 1455, wherein\allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1490. The method of claim 1455, further composing controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1491 . The method of claim 1455, wherein producing the mixture comprises producing 
the mixtiAe in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1492. The meihod of claim 1455, further comprising providing heat from three or more 
heat sources to & least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises ^triangular pattern. 

1493. The method ofalaim 1455, further comprising providing heat from three or more 
heat sources to at least ^portion of tb« formation, wherein three or more of the heat 
sources are located in theYormatioii in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, Aid wherein a plurality of the units are repeated 
over an area of the formation to florm a repetitive pattern of units. 



1494. A method of treating a coal formation in situ, comprising: 
providing heat from one \ more he^ sources to at least a portion of the 

formation; 

allowing the heat to tran^fer^r/m the o&g or more heat sources to a selected 
section of the formation; 

providing H 2 to the formation produce a reducing environment in at least some 
of the formation; 

producing a mixture froii the formation. 

1495. The method of claim 1494, wherein flhe one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons >\ithin the selected section of the 
formation. 



1496. The method of claim 1494, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature rcmge. 
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1497. The method of claim 1494, further comprising separating a portion of hydrogen 
within th& mixture and recirculating the portion into the formation. 

5 1498. The method of claim 1494, wherein the one or more heat sources comprise 
electrical heatetrs. 

1499. The method of claim 1494, wherein the one or more heat sources comprise 
surface burners. 

10 

1500. The method oftclaim 1494, wherein the one or more heat sources comprise 
flameless distributed cotaibustors. 

1501 . The method of clair^ 1494, jvherein t^ie one or more heat sources comprise natural 
15 distributed combustors. 



1502. The method of claim 1494, further comprising controlling a pressure and a 
temperature within at least a mijdrity of thg^seldbted section of the formation, wherein 
the pressure is controlled as a fjunc^op'of temperature, or the temperature is controlled as 

20 a function of pressure. 

1503. The method of claim 1 494, furthW comprising controlling the heat such that an 
average heating-rate of the sel ;cted sections less than about 1 °G per day during 
pyrolysis. 

25 

1504. The method of claim 1494, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B A formation bulk density, and wherein the heating rate is less than about 10 
°C/day. \ 

1505. The method of claim 1494, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1506. The method ofVlaim 1494, wherein providing heat from the one or more heat 
sources comprises heating the selectom section such that a thermal conductivity of at least 
a portion of the selected sa^tion is /reaker than about 0.5 W/(m °C). 

1507. The method of claim \ 494, wfe£rein the produced mixture comprises condensable 
hydrocarbons having an API gjgpmy of at least about 25°. 

1508. The method of claimf A494 whereifi the produced mixture comprises condensable 
hydrocarbons, and wherein about 0\1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons a *e olefinV 



1509. The method of claim 1494, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- - - 
condensable hydrocarbons ranges from ab©ut 0.001 to about 0.15. 

1510. The method of claim 1494, wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %\by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1511. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of tnje condensable hydrocarbons is oxygen. 

5 1512. The method of claim 1 494, wherein the produced mixture comprises condensable 
hydrocarbons,Wd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1513. The method of claim 1494, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherW about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygery containing compounds, and wherein the oxygen 
containing compounds Vompripe phenols. 



15 



1514. The method of claim /l 494, ^herein the produced mixture comprises condensable 
hydrocarbons, and wherein greater tftan abcjut 20 % by weight of the condensable 
hydrocarbons are aromatic compounc 



20 



1515. The method of cla/m 1/94, where^i the produced mixture comprises condensable 
hydrocarbons, and wherein L6ss tliWn about \% by weight of the condensable 
hydrocarbons comprises piulti-ringVomatics with more than two rings. 



25 



1516. The method of claim 1 494, wharein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abojit 0.3 % by weight of the condensable 
hydrocarbons are asphallenes. 

1517. The method of claim 1494, wherein tfte produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weig\t to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 1518. The method of claim 1 494, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensabl&component comprises hydrogen, 
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therein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
conoensable component. 

5 1519. The method of claim 1 494, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1520. The mVthod of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein th^mmonia is used to produce fertilizer. 

10 

1521 . The methoctaf claim 1494( further comprising controlling a pressure within at 
least a majority of they selected section ^f the formation, wherein the controlled pressure 
is at least about 2.0 barabsoluti. 

15 1522. The method of claim M94, further comprising controlling formation conditions to 
produce the mixture, whereir^a partial ppe^\ure of H2 within the mixture is greater than 
h about 0.5 bar. 

1523. The method of clairrf 1494L wherein the partial pressure of H2 within the mixture 
20 is measured when the mixture is am production well. 



25 
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1524. The method of claim 1494, further comprising altering a pressure within the 
formation to inhibit' production of hydrocarbons from the formation having carbon 
numbers greater than about 12 5. 

1525. The method of claim 1494, wherein providing hydrogen (H2) to the formation 
further comprises: 

hydrogenating hydrocarbons within the Section; and 
heating a portion of the section with heat ra>m hydrogenation. 

1526. The method of claim 1494, further comprising: 



432 



Conley, Rose & Tayon, P.C. 



producing hydrogen and condensable hydrocarbons from the formation; and 
hwirogenating a portion of the produced condensable hydrocarbons with at least a 
portion of me produced hydrogen. 

1527. The mVthod of claim 1494, wherein allowing the heat to transfer comprises 
increasing a pemieability of a majority of the selected section to greater than about 100 
millidarcy. \ 

1528. The method Vf claim 1494, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1529. The method of claim 1494yTurmer comprising controlling the heat to yield greater 
than about 60 % by weighraf condensable hydrocarbons, as measured by Fischer Assay. 

1530. The method of claim y494, wherein producing the mixture comprises producing 
the mixture in a production wellYand wheriin at least about 7 heat sources are disposed in 
the formation for each proddctionVvell. \ 

1531. The method of claim 1494, fimher comprising providing heat from three or more 
heat sources to at least a poi tion of the rormatioV wherein three or more of the heat 
sources are located in the formation in a unit of he&t sources, and wherein the unit of heat 
sources comprises a triangu ar pattern. \ \ 

1532. The method of claim\l494, further comprising providing heat from three or more 
heat sources to at least a portioh^of the formation,V/herein three or more of the heat 
sources are located in the formation in a unit of heareources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a Murality of the units are repeated 
over an area of the formation to form a repetitive patternvof units. 



1533. A method of treating a coal formation in situ, comprising: 
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oroviding heat from one or more heat sources to at least a portion of the 
formatior 

allowing the heat to transfer from the one or more heat sources to a selected 
section of thit formation; 

providing H 2 to the selected section to hydrogenate hydrocarbons within the 
selected sectioned to heat a portion of the section with heat from the hydrogenation; 
and 

controllingYieating of the selected section by controlling amounts of H 2 provided 
to the selected section. 

1534. The method ofVlaim 1533, wherein the one or more heat sources comprise at 
least two heat sources, aW wherein superposition of heat from at least the two heat 



sources pyrolyzes at least^oi 
formation. 

1535. The method of claim 



e hydrocarbons within the selected section of the 



S3 3, farmer comprising maintaining a temperature within 



the selected section within a pyrolysi^ temperature range 

1536. The method of claim |5^G, Yhereir^he one or more heat sources comprise 
20 electrical heaters. 



1537. The method of claim D533, wherein the one or more heat sources comprise 
surface burners. 

25 1538. The method of claim 15B3, wherein the\^ne or more heat sources comprise 
flameless distributed combustors 



1539. The method of claim 1533, wherein the one oXmore heat sources comprise natural 
distributed combustors. 
30 W 
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1540. Tflie method of claim 1533, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressures controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1541. The metftpd of claim 1533, further comprising controlling the heat such that an 
average heating ral^p of the selected section is less than about 1 °C per day during 
pyrolysis. 



10 



15 



20 



25 



1 542. The method of c>aim 1533, wherein^rpviding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)pf the coa| formation from the one or more heat 
sources, wherein the formation has a/n average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocatbans within the selected volume of the formation; and 

wherein heating energy/day provided to tl)#volume is equal to or less than Pwr, 
wherein Pwr is calculated by th^f equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating en^jW/day, h is an ^erage heating rate of the 
formation, p B is formation bul|[ dej^sity, ar^i wherein the heating rate is less than about 10 
°C/day. 



1 543 . The method of claim 
transferring heat substantial! 



533, wherein allowing the heat to transfer comprises 
by conduction^ 



1544. The method of claim M33, wherein providingJieat from the one or more heat 
sources comprises heating the selected section such thai a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1545. The method of claim 1533, further comprising producing a mixture from the 
30 formation, wherejn.the produced mixture comprises condensate hydrocarbons having an 
API gravity of at least about 25°. 
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1546. The method of claim 1533, further comprising producing a mixture from the 
formationWherein the produced mixture comprises condensable hydrocarbons, and 
wherein abd^t 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



10 



1547. The method of claim 1533, further comprising producing a mixture from the 
formation, whereinVhe produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratia of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to abbut 0.15. 



20 



25 



1 548. The method of claim 1 53,5, furtHer comprising producing a mixture from the 
formation, wherein the proctacep mixturd comprises condensable hydrocarbons, and 
wherein less than about 1 % W weight, vlhen calculated on an atomic basis, of the 



15 condensable hydrocarbons is r 



*d 



1549. The method of claimM|533,\furths 
formation, wherein the produc 
wherein less than about 1 % b; 
condensable hydrocarbons is c 



trogen. 



ftght 



comprising producing a mixture from the 
e comprises condensable hydrocarbons, and 
when calculated on an atomic basis, of the 



fgen. 



1 550. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the producepmixture corWises condensable hydrocarbons, and 
wherein less than about 1 % by Weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is suli 



30 



1551. The method of claim 1533, further comprising, producing a mixture from the 
formation, wherein the produced mixture comprises coMensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen comaining compounds comprise 
phenols. \ 
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1552. Tftte method of claim 1533, further comprising producing a mixture from the 
formation^ wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



10 



1 553. The metftpd of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than aoout 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



1 554. The method of cVim 1 53jB, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3^ ty weight ^f the condensable hydrocarbons are 
15 asphaltenes. 



20 



1555. The method of claim 1 i 



wherein about 5 % by weight t< 
are cycloalkanes. 



further comprising producing a mixture from the 



formation, wherein the product d mixtui^xomp^ises condensable hydrocarbons, and 



abc^rt 30 % by weight of the condensable hydrocarbons 



25 



1 556. The method of claim 1533, further comprising producing a mixture from the 
formation^ wherein the produced-mixture comprises a non-condensable component, - 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non\f ondensable component, and wherein the 
hydrogen is less than about 80 %\by volume of me non-condensable component. 



30 



1557. The method of claim 1533,\further comprising producing a mixture from the 
formation, wherein the produced miktoe comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is amr^onia. 
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1558. T\he method of claim 1533, further comprising producing a mixture from the 
formationVwherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

5 1 559. The method of claim 1 533, further comprising controlling a pressure within at 
least a majority \f the selected section of the formation, wherein the controlled pressure 
is at least about 2X> bar absolute. 

1560. The method of claim 1533, further comprising controlling formation conditions to 
10 produce a mixture from the fornj^ti^n, wherein a partial pressure of H 2 within the mixture 

is greater than about 0. Abar. 

1561. The method of claim f 560, wherein the partial pressure of H 2 within the mixture 
is measured when the mixtur^is at a production well. 

15 

1562. The method of claim 153\3, further ^comprising altering a pressure within the 
formation to inhibit production of T^ydr^arppns from the formation having carbon 
numbers greater than about! 25. 

20 1 563 . The method of claim 1 5B3, further comprising controlling formation conditions 
by recirculating a portion if hydrogen frofri a produced mixture into the formation. 



25 



1564. The method of claimT 533, further comprising: 

producing hydrogemand condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced \ondensable hydrocarbons with at least a 

portion of the produced hydrogen. 



30 



1565. The method of claim 1533, wherein allowing rae heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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1566. Ihe method of claim 1533, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1567. The method of claim 1533, wherein the heating is controlled of claim 1533, 
further comprising producing a mixture in a production well, and wherein at least about 7 
heat sources are\disposed in the formation for each production well. 



10 



1568. The methocfyf claim 1533, further comprising providing heat from three or more 
heat sources to at lea\t a portion of the formation, wherein three or more of the heat 
sources are located in me formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pa&ern. 



15 



20 



1 569. The method of clai: 
heat sources to at least a 
sources are located in the fo: 
sources comprises a triangular 
over an area of the formation to 



rther comprising providing heat from three or more 
formation, wherein three or more of the heat 
unit of heat sources, wherein the unit of heat 
ttern, ^id wherein a plurality of the units are repeated 
a reft£titive pattern of units. 



off 



ion 
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1 570. An in situ method for pr aduc* 

providing heat from one or 
formation; 

allowing the heat to tran 
section of the formation; and 

producing a mixture fron^the formatifyi, wherein a H 2 partial pressure within the 
mixture is greater than about 0.5 



a coal formation, comprising: 
to at least a portion of the 



fer from me one or more heat sources to a selected 



30 



1571. The method of claim 1570, wherein the one\or more heat sources comprise at 
least two heat sources, and wherein superposition of \eat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within th\ selected section of the 
formation. 
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1 572. The method of claim 1 570, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1573. The method of claim 1570, wherein the one or more heat sources comprise 
5 electrical heaters. 

1574. The metha^ of claim 1570, wherein the one or more heat sources comprise 
surface burners. 

10 1575. The method onclaim 1570, wherein the one or more heat sources comprise 
flameless distributed cofcnbustors. 



15 



20 
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1576. The method of clai)jt 1 570, \^ner^in the one or more heat sources comprise natural 
distributed combustors. 



1577. The method of claim 15J®, further comprising controlling a pressure and a 
temperature within at least a maflbrity of the selected section of the formation, wherein 
the pressure is controlled as a fusion of temperature, or the temperature is controlled as 
a function of pressure. 



1 578. The method of claim 1 5(70, fyfi\her comprising controlling the heat such that an 
average heating rate of the sele^ted/sect\on is less than a^out 1 °C per day during 
pyrolysis. 

1579. The method of claim 1570, wherein providing heat from the one or more heat 
sources to at least the portion oflformation comprises: 

heating a selected volumi (V) of the cokl formation from the one or more heat 
sources, wherein the formation his an average Meat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the Selected volume of the formation; and 

wherein heating energy/day provided to theYolume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
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fyvr = h*V*C v *p B 

lerein Pwr is the heating energy/day, h is an average heating rate of the 
formation,^ is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 

1 580. The method of claim 1 570, wherein allowing the heat to transfer comprises 
transferring heansubstantially by conduction. 

1581. The methodW claim 1 570, wherein providing heat from the one or more heat 

10 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



15 



20 



25 



30 



1582. The method of cla 
hydrocarbons having an AI 

1583. The method of claim 



570,\wherein the produced mixture comprises condensable 
jravitjk of at least about 25°. 

>70, wraereiji the produced mixture comprises condensable 



hydrocarbons, and wherein abot^t O.l^^y weight to about 15 % by weight of the 
condensable hydrocarbons ar t 



1 584. The method of claim 
condensable hydrocarbons, a 
condensable hydrocarbons 



570, wherein the produced mixture comprises non- 
wherfcin a molar ratio of ethene to ethane in the non- 
froni about 0.001 to about 0.15. 



ra lges 



1585. The method of claim 1570, wherdin the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nWogen. 

1 586. The method of claim 1570, wherein tha produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % jay weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygem 
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1587. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of thfie condensable hydrocarbons is sulfur. 

5 1588. The mtthod of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

10 1589. The method of claim 1570,Avherfcin the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromaftc compounds. \ 

1590. The method of claiiA 15tf0, whereirathe produced mixture comprises condensable 
15 hydrocarbons, and wherein le\s than about k% by weight of the condensable 

hydrocarbons comprises multifiring arom^ticawith more than two rings. 

1591 . The method of claim |570Jwherein the produced mixture comprises condensable 
hydrocarbons, and wherein le ss manNabout 0.3 % W weight of the condensable 

20 hydrocarbons are asphaltenes. \ \ 

1592. The method of claim 1570, wherem the produced mixture comprises condensable 

hydrocarbons, and wherein a ;>out 5 % by v^ight to about 30 % by weight of the 

condensable hydrocarbons ar ^ cycloalkanes. \ 

25 \ 

1593. The method of claim 1570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by Volume of the non-condensable 
component, and wherein the hydrogen is less than aboot 80 % by volume of the non- 
30 condensable component. \ 
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1594. The method of claim 1570, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1595. The method of claim 1570, wherein the produced mixture comprises ammonia, 
5 and wherein th\ammonia is used to produce fertilizer. 



10 



1596. The methoavof claim 1570, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bat absolute. 



1 597. The method of cl&m 1 570,/further\ 
formation to inhibit production oyhydroc 
numbers greater than about 



comprising altering a pressure within the 
>ons from the formation having carbon 



), further comnrf&ng recirculating a portion of the 
e formationX 



15 1 598. The method of claim 1 5 
hydrogen within the mixture int6 

1599. The method of claim 1570, further comprising condensing a hydrocarbon 
component from the produced mi^cturi apd hydrogenafing the condensed hydrocarbons 
20 with a portion of the hydrogen. 



25 



1600. The method of claim 1570, tnuiner comprising: 

- providing hydrogen (H2) to thelieated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat fr^m hydrogenation. 



1601. The method of claim 1570, wherein allowing tne heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



30 
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1 602. The method of claim 1 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1603. The method of claim 1570, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



15 



1604. The method of claim 1570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eaclj production well. 

1605. The method of claim 1570, further comprising providing heat from three or more 
heat sources to at least a portion cpfhe formation, wherein three or more of the heat 
sources are located in the formation ki a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pittern\ 



20 



1 606. The method of claim 1 5 
heat sources to at least a portion 
sources are located in the formation 
sources comprises a triangular 
over an area of the formation to 



, further comprising providing heat from three or more 
or\the fottpia^Kfn, wherein three or more of the heat 
a ]rfi\t of heat sources, wherein the unit of heat 
and wherein a plurality of the units are repeated 
bfm a\epetitiv\pattern of units. 



pitta 



1607. The method of claim 157D, whereinVhe partial pressure of H2 within the mixture 
is measured when the mixture is at a production well . 

25 1608. A method of treating a coal formation in Wx, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or m&je heat sources to a selected 
section of the formation; 
30 wherein the selected section has been selected for gating using an atomic 

hydrogen weight percentage of at least a portion of hydrocarbons in the selected section, 
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id wherein at least the portion of the hydrocarbons in the selected section comprises an 
atWic hydrogen weight percentage, when measured on a dry, ash-free basis, of greater 
tha\about 4.0 %; and 

.producing a mixture from the formation. 

1609. THe method of claim 1608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrofyzes at least some hydrocarbons within the selected section of the 
formation. 

1610. The methockof claim 1608, further comprising maintaining a temperature within 
the selected section within a pyrolysis rbmperature range. 



1611. The method of cmim 1608, wherdin the one or more heat sources comprise 
15 electrical heaters. 

1612. The method of claijn r^QJSf wherein \he one or more heat sources comprise 
surface burners. 

20 1613. The method of claim 1608, ^herein the onbs^r more heat sources comprise 
flameless distributed comHustors. 

1614. The method of claim 1608, where^j the one or more heat sources comprise natural 
distributed combustors. 



25 



1615. The method of claim 1608, further composing controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperatur\ or the temperature is controlled as 
a function of pressure. 



30 
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1616. The method of claim 1608 ? further comprising controlling the heat such that an 
average Heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

5 1617. The method of claim 1 608, wherein providing heat from the one or more heat 
sources to at lea\t the portion of formation comprises: . , 

heating a ^elected volume (V) of the coal formation from the one or more heat 
sources, wherein tlte formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 

Pwr = /**F*C v *y9j\ 

wherein Pwr is the heating jbneW/day, h is an average heating rate of the 
formation, p B is formation biJ^c density ,^nd wherein the heating rate is less than about 10 
15 °C/day. 



1618. The method of claim 1 6 
transferring heat substantially b 



sources comprises heating the s 



^ whereinNallowing the heat to transfer comprises 



20 1619. The method of claim 16)8, whekein providing heat from the one or more heat 



lected sefction such tnkt a thermal conductivity of at least 



a portion of the selected section^ greater \an about 0.5 W/(m °C). 



1620. The method of claim 1608, wherein tha produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 

1621. The method of claim 1608, wherein the proasuced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to\bout 15 % by weight of the 
condensable hydrocarbons are olefins. 



30 
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1622. The method of claim 1608, wherein the produced mixture comprises non- 
condensaftle hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensabl\ hydrocarbons ranges from about 0.001 to about 0.15. 

1623. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, aftd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1624. The method W claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1625. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherdnMess than aqput 1 % by weight, when calculated on an atomic 
basis, of the condensable hyorocarbons h sulfur. 

1 626. The method of cl lim 1 6^y^ereiAthe produced mixture comprises condensable 
hydrocarbons, wherein about 5$foy weight\o about 30 % by weight of the condensable 
hydrocarbons comprise oWy&en containing comfcpunds, and wherein the oxygen 
containing compounds comprise phenols. 



1627. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein grater than ab\ut 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1628. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % b\ weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1629. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarppns, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 1 630. The mVthod of claim 1 608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 63 1 . The methodW claim 1 608, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen ite greater than about 10 % by volume of the non-condensable 
component, and whereinyhe hydrogen \s less than about 80 % by volume of the non- 
condensable component. 



15 1 632. The method of claim \ 608, wherein the produced mixture comprises ammonia, 
and wherein greater than abouACf.05 % by weight of the produced mixture is ammonia. 

1633. The method of claim 1 6v$i wherein tH^produced mixture comprises ammonia, 
and wherein the ammonia is usid t<\prod<!ice fertilizer. 



20 



1 634. The method of claim 1 608, /farther comprising controlling a pressure within at 



segtion oMie formation, wherein the controlled pressure 



least a majority of the selected 
is at least about 2.0 bar absolutfe 



25 1635. The method of claim I6j08, further comprising controlling formation conditions to 
produce the mixture, wherein a toartial pressure\of H 2 within the mixture is greater than 
about 0.5 bar. 



1636. The method of claim 1635, wherein the partral pressure of H2 within the mixture 
30 is measured when the mixture is at a production well\ 
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1637. The method of claim 1608, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers gieater than about 25. 

5 1638. The mithod of claim 1608, further comprising controlling formation conditions 
by recirculating portion of hydrogen from the mixture into the formation. 

1639. The methou of claim 1608, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
10 within the section; 

heating a porti($n of the section with heat from hydrogenation. 
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1 640. The method of claiSpi IfcOlL further comprising: 
producing hydrogenVpd condensable hydrocarbons from the formation; and 

15 hydrogenating a porAn of th>j produced condensable hydrocarbons with at least a 

portion of the produced hyarogen. 

1641. The method of claipi 1608^ \yfterei\ allowing the heat to transfer comprises 
increasing a permeability fyf a m^jQpty of thes^elected section to greater than about 100 

20 millidarcy. 

1642. The method of claim 1608, wheYein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



25 1643. The method of claim 1608, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



30 



1644. The method of claim 1608, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at l\ast about 7 heat sources are disposed in 
the formation for each production well. 
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1645. Ttfie method of claim 1608, further comprising providing heat from three or more 
heat sourcfes to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



1646. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at l^ast a portion of the formation, wherein three or more of the heat 
sources are located i\the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form ajrepetitive pattern of units. 



15 



20 
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1647. A method of treating a coal formation in situ, comprising: 
providing heat from o^ie orjmore h^at sources to at least a portion of the 

formation; 

allowing the heat to tran\i|br from throne or more heat sources to a selected 
section of the formation; 

wherein at least some hyfir<)carbon^wiffein the selected section have an initial 
atomic hydrogen weight percentage A^greater tha^ about 4.0 %; and 

producing a mixture from tWe iWmation. 

1648. The method of claim 1647, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hycfrocarbon^within the selected section of the 
formation. 

1649. The method of claim 1647, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature nmge. 



1650. The method of claim 1647, wherein the one or m\re heat sources comprise 
30 electrical heaters. 
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165 1 . ^he method of claim 1 647, wherein the one or more heat sources comprise 
surface Dinners. 

1652. The method of claim 1647, wherein the one or more heat sources comprise 
5 flameless distributed combustors. 

1653. The metnbd of claim 1647, wherein the one or more heat sources comprise natural 
distributed combustors. 



10 1654. The method oX claim 1647, further comprising controlling a pressure and a 

temperature within at l^ast a majority of the selected section of the formation, wherein 
the pressure is controllers a funcp^n of temperature, or the temperature is controlled as 
a function of pressure. 

1655. The method of claiiA 1647, fuAther comprising controlling the heat such that an 
15 average heating rate of the se\ect id section is less than about 1 °C per day during 

pyrolysis. 

1656. The method of claim 164Ay^herel^ providing heat from the one or more heat 
sources to at least the portion oflromiation (Comprises: 

HF 20 heating a selected volun e (V)\pf the co^l formation from the one or more heat 

sources, wherein the formation has an V/erage heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocs rbons wimin the selected volume of the formation; and 
wherein heating energy/flay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by th^equation: 
25 Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day,V2 is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



30 1657. The method of claim 1647, wherein allowin^he heat to transfer comprises 
transferring heat substantially by conduction. 
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1658. The method of claim 1647, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion oYthe selected section is greater than about 0.5 W/(m °C). 

5 \ 

1659. The m&thod of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1660. The method of claim 1647, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. 



15 



1 66 1 . The method of cJaim 1 64 1L wherein the produced mixture comprises non- 
condensable hydrocarbons and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons rfcngps froilp about 0.001 to about 0.15. 



20 



25 



1662. The method of claim 1 ml, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein le 



basis, of the condensable hydrocarbmis is nitrogen 



1 663 . The method of claim 
hydrocarbons, and wherein le 
basis, of the condensable hyd 



s man aheaft 1 % by weight, when calculated on an atomic 



64/, wherein the J^duced mixture comprises condensable 
3s than aftput 1 % by weight, when calculated on an atomic 
ocarbons is oxygen. 



1664. The method of claim 1^47, whereimthe produced mixture comprises condensable 
hydrocarbons, and wherein less than about l\% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is suli 

1665. The method of claim 1647, wherein the produced mixture comprises condensable 
30 hydrocarbons, wherein about 5 % by weight to aBout 30 % by weight of the condensable 
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^drocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1666.X The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



10 



1667. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons,Wd wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



15 



25 



1668. The methodVf claim lpw, wherein the produced mixture comprises condensable 
hydrocarbons, and wfl^erein less tjian about 0.3 % by weight of the condensable 
hydrocarbons are asphaitenes 



647,,wherein the produced mixture comprises condensable 
bout 5 °Aby weight to about 30 % by weight of the 



T 1 669. The method of claAj 

LU hydrocarbons, and wherein 

P condensable hydrocarbons ; 

42 20 1670. The method of claim 16^7, wherein tlte produced mixture comprises a non- 
j~[ condensable component, wherein Mie non-condensable component comprises hydrogen, 

wherein the hydrogen is greater than about 10 % by volume of the non-condensable 



component, and wherein the 
condensable component. 



lydrogem is less than about 80 % by volume of the non- 



1671 . The method of claim 1 647, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1672. The method of claim 1647, wherein the produced mixture comprises ammonia, 
30 and wherein the ammonia is used to produce fertilizer. 
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1673. The method of claim 1647, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least aaout 2.0 bar absolute. 



5 1674. The method of claim 1647, further comprising controlling formation conditions to 
produce the mix^re, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1 675. The method of claim 1674, wherein the partial pressure of H2 within the mixture 
10 is measured when theVnixture is at a production well. 



15 



H 20 



1676. The method of claim 1647<iurbher comprising altering a pressure within the 
formation to inhibit production pf hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1677. The method of claim 1 
by recirculating a portion 



3^7, further comprising controlling formation conditions 
gen from tke mixture into the formation. 



of hydi 



1678. The method of claim 1647, furthej>e6mpming: 

providing hydrogen (l\ 2 ) to tjae\jieated sectioq to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the\section with heat from hydrbgenation. 



1679. The method of claim 16^7, further comprising: 
25 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced \ondensable hydrocarbons with at least a 
portion of the produced hydrogen. 



1680. The method of claim 1647, wherein allowing me heat to transfer comprises 
30 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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1681 . Tttie method of claim 1647, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

5 1682. The method of claim 1647, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



1683. The methoa of claim 1647, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eaclWoduction well. 



15 



JC 20 



25 



30 



1684. The method of claSm 164#, farther comprising providing heat from three or more 
heat sources to at least a poMion of thd formation, wherein three or more of the heat 
sources are located in the formation in\i unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1647 



1685. The method of claim 
heat sources to at least a portion 
sources are located in the formitio 
sources comprises a triangular 
over an area of the formation tc 



Xfurtherjromprising providing heat from three or more 
of fto/formation, wherein three or more of the heat 
ih a unit ofheat sources, wherein the unit of heat 
ern, and whereinVplurality of the units are repeated 
form a repetitive pattern of units. 



>al 



1 686. A method of treating a c©al formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one Q£ more heat sources to a selected 
section of the formation; 

wherein the selected section has been selectedYor heating using vitrinite 
reflectance of at least some hydrocarbons in the selected section, and wherein at least a 
portion of the hydrocarbons in the selected section comprises a vitrinite reflectance of 
greater than about 0.3 %; 
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^herein at least a portion of the hydrocarbons in the selected section comprises a 
vitrinite reflectance of less than about 4.5 %; and 
producing a mixture from the formation. 

5 1687. The method of claim 1686, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes\t least some hydrocarbons within the selected section of the 
formation. 

10 1688. The method ofVlaim 1686, further comprising maintaining a temperature within 
the selected section witHin a paralysis temperature. 

1689. The method of claim 4686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 0.47 % and about 1.5 % 

15 such that a majority of the pfo^uced q^cfure comprises condensable hydrocarbons. 

1690. The method of claiiji 1/68&, wherbin the vitrinite reflectance of at least the portion 
of hydrocarbons within thd ielecteM sectio\is between about 1 .4 % and about 4.2 % such 
that a majority of the produced mixture comprises non-condensable hydrocarbons. 

20 

1691. The method of claim 1686, whe\ein the one or more heat sources comprise 
electrical heaters. 

1692. The method of claim 1686, wherein \ie one or more heat sources comprise 
25 surface burners. 

1693. The method of claim 1686, wherein the ope or more heat sources comprise 
flameless distributed combustors. 

30 1694. The method of claim 1686, wherein the one o\more heat sources comprise natural 
distributed combustors. 
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1695. ^he method of claim 1686, further comprising controlling a pressure and a 
temperatute within at least a majority of the selected section of the formation, wherein 
the pressures controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1696. The method of claim 1686, further comprising controlling the heat such that an 
average heating rat^of the selected section is less than about 1 °C per day during 
pyrolysis. 



1697. The method of cladm 1686, wherein providing heat from the one or more heat 
sources to at least the portfbn of formation comprises: 

heating a selected voVime (fPJ^f the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydroca fcons wittrin the selected volume of the formation; and 

wherein heating energy/iiaw provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by thi; equation: 

Pwr = /2*F*C v */>b 

wherein Pwr is the heatihg ener^/dayV? is an average heating rate of the 
formation, p B is formation bulk density, a\d wher^jn the heating rate is less than about 10 
°C/day. 




1698. The method of claim 1686L wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1699. The method of claim 1686, wherein providing heat from the one or more heat 
sources comprises heating the selected section such tttat a thermal conductivity of at least 
a portion of the selected section is greater than about 0\ W/(m °C). 



1700. The method of claim 1686, wherein the produced fixture comprises condensable 
hydrocarbons having an API gravity of at least about 25 c 
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1 70 1 . The method of claim 1 686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 702. The method of claim 1 686, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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10 1703. The methodW claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocairtfons is nitrogen. 

1704. The method of claim 1686, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein\esp than altout 1 % by weight, when calculated on an atomic 

basis, of the condensable hy<¥ocarbons\s oxygen. 

1705. The method of claim jl 6&0f whereirk the produced mixture comprises condensable 
hydrocarbons, and wherein ik^s tman about 1 \o by weight, when calculated on an atomic 

20 basis, of the condensable hynrocaroons is sull 

1 706. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by wfeight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

25 containing compounds comprise phenols. 



1707. The method of claim 1686, wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2^0 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1708. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



5 1 709. The mkhod of claim 1 686, wherein the produced mixture comprises condensable 
hydrocarbons, ahd wherein less than about 0.3 % by weight of the condensable 
hydrocarbons areWphaltenes. 

1710. The method of claim 1686, wherein the produced mixture comprises condensable 
10 hydrocarbons, and whVrein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



15 



20 



1711. The method of clain? 1 68)5, ^herein the produced mixture comprises a non- 
condensable component, whfereifi thAnon-condensable component comprises hydrogen, 
wherein the hydrogen is great&rfthan about 10 % by volume of the non-condensable 



component, and wherein the hy 
condensable component. 

1712. The method of claim 1 6 
and wherein greater than about 



rogen is less than about 80 % by volume of the non- 



, wherein tfte produced mixture comprises ammonia, 
).05 % by weight of the produced mixture is ammonia. 



1713. The method of claim 1 6 56, wherein the produced mixture comprises ammonia, 



and wherein the ammonia is use 



to produce fertilizer. 



25 1714. The method of claim 168(y^further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1715. The method of claim 1686, further comprising controlling formation conditions to 
30 produce the mixture, wherein a partial pressure of H2\vithin the mixture is greater than 
about 0.5 bar. 
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1716. Wie method of claim 1715, wherein the partial pressure of H2 within the mixture 
is measure^ when the mixture is at a production well. 

1717. The method of claim 1686, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater Chan about 25. 

1718. The method of claim 1686, further comprising controlling formation conditions 
10 by recirculating a portion of hydrogen from the mixture into the formation. 
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1719. The method of claW 1686, further comprising: 

providing hydrogen\H2) fo tn^ heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of thefeection v&th heat from hydrogenation. 



anl 



1720. The method of claim 
producing hydrogen 
hydrogenating a portior 

portion of the produced hydrog 



1 $8 6V further comprising: 

conjiensableJerdrocarbons from the formation; and 
of th^pr^ducedVondensable hydrocarbons with at least a 



:n. 



1 72 1 . The method of claim 1 6B6, wherein allowing the\eat to transfer comprises 
increasing a permeability of a rqajority of tn^ selected section to greater than about 100 
millidarcy. 

1722. The method of claim 1686, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1723. The method of claim 1686, further comprising^ontrolling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbon!^ as measured by Fischer Assay. 
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1724. The method of claim 1686, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1725. The method of claim 1686, further comprising providing heat from three or more 
heat sources to a\ least a portion of the formation, wherein three or more of the heat 
sources are locateckin the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises aVriangular pattern. 

10 1726. The method of <Haim 1686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation yft k unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattofn, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

15 

1727. A method of treating a c/>al formation in situ, comprising: 

providing heat from one or mo^neat^ources to at least a portion of the 
formation; 

allowing the heat to transfer froify the one before heat sources to a selected 
20 section of the formation; 

wherein the selected Section has beeV selected for heating using a total organic 
matter weight percentage of 'at least a portionW the selected section, and wherein at least 
the portion of the selected section comprises a tptal organic matter weight percentage, of 
at least about 5.0 %; and 
25 producing a mixture from the formation. 



30 



1728. The method of claim 1727, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heaMrom at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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1729. The method of claim 1727, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1730. The method of claim 1727, wherein the one or more heat sources comprise 
5 electrical heaters. 

1 73 1 . The method of claim 1 727, wherein the one or more heat sources comprise 
surface burners. 



10 1 732. The method onclaim 1 727, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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1 733 . The method of claiVi 1 727 
distributed combustors. 



therein the one or more heat sources comprise natural 



1 734. The method of claim 1 727, furtlW comprising controlling a pressure and a 
temperature within at least a majVity of me selected section of the formation, wherein 
the pressure is controlled as a function of t^35erature, or the temperature is controlled as 
a function of pressure. 



\ further comprisingfcontrolling the heat such that an 
ed section is less than about 1 °C per day during 



1735. The method of claim 172 
average heating rate of the selec 
pyrolysis. 

25 1736. The method of claim 17; 7, wherein pk>viding heat from the one or more heat 

sources to at least the portion of ^formation comprises: 

heating a selected volume (V) of the coalVormation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
30 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
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iwr = h*V*C v *ps 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 

1737. The method of claim 1727, wherein allowing the heat to transfer comprises 
transferring heat Substantially by conduction. 

1 738. The method ©f claim 1727, wherein providing heat from the one or more heat 

10 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



15 



1739. The method of claim 172f7, wherein the produced mixture comprises condensable 
hydrocarbons having an AH gravity of at^east about 25°. 

1740. The method of claim I \27, wherejffljie produced mixture comprises condensable 
hydrocarbons, and wherein afooAt 0. 1/% by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



n 
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1 74 1 . The method of clai 
condensable hydrocarbon 
condensable hydrocarbon 5 



1742. The method of ch 



1727, wherein the produced mixture comprises non- 
, and wherein a molar ratio of ethene to ethane in the non- 
ranges from\about 0.001 to about 0.15. 



la^m 1727, whereiA the produced mixture comprises condensable 
hydrocarbons, and wherein less than about ft % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



30 



1743. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % b\ weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1 744. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of tire condensable hydrocarbons is sulfur. 

5 1 745. The method of claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, Wherein about 5 % by weight to about 30 % by weight of the condensable, 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 0 1 746. The methodW claim 1 727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic cmnpbunds. 
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1747. The method of claWi 1727, Wherein the produced mixture comprises condensable 
hydrocarbons, and whereii&ess thaAabout 5 % by weight of the condensable 
hydrocarbons comprises mufti-ring ammatics with more than two rings. 



1 748. The method of clai n 
hydrocarbons, and whereii 
hydrocarbons are asphalterles 



1 749. The method of claiqi 
hydrocarbons, and wherein 
condensable hydrocarbons 



wher^nj&er^roduced mixture comprises condensable 
ess tItaiuffiout\).3 % by weight of the condensable 



1727, wtterein the produced mixture comprises condensable 
ibout 5 % bV weight to about 30 % by weight of the 
e cycloalkaires. 




1750. The method of claim 1737, wherein the produced mixture comprises a non- 
condensable component, wherein the non-conaensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 °/&hy volume of the non-condensable 
component, and wherein the hydrogen is less than\bout 80 % by volume of the non- 
condensable component. 
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1751. The method of claim 1 727, wherein the produced mixture comprises ammonia, 
and wherW greater than about 0.05 % by weight of the produced mixture is ammonia. 

1752. The method of claim 1727, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1753. The methW of claim 1 727, further comprising controlling a pressure within at 
least a majority of\he selected section of the formation, wherein the controlled pressure 
is at least about 2.0 Oar absolute. 



10 



1754. The method of claim 1727, further comprising controlling formation conditions to 
produce the mixture, wheflpn a partjkl\pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



15 1755. The method of claim 1 AM, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture fsW a production well. 



1 756. The method of claim 
formation to inhibit product! 



727, l^irthei>e^mprising altering a pressure within the 
of hvftfocarbofo from the formation having carbon 



ion 

20 numbers greater than about 25. 

1757. The method of claim 1727, further comprising controlling formation conditions 
by recirculating a portion of mydrogen from the mixture into the formation. 



25 1 758. The method of claim 1 V27, further comprising: 

providing hydrogen (H^ to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat ffom hydrogenation. 



30 1 759. The method of claim 1 727, further comprising 

producing hydrogen and condensable hydrocarbons from the formation; and 
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fdrogenating a portion of the produced condensable hydrocarbons with at least a 
portion orahe produced hydrogen. 

1 760. The method of claim 1 727, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1761. The methockof claim 1727, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1762. The method of cVim 172\, further comprising controlling the heat to yield greater 
than about 60 % by weigflst of jbondWisable hydrocarbons, as measured by Fischer Assay. 

1763. The method of claimfi727, wlWein producing the mixture comprises producing 



the mixture in a production 



the formation for each prod iction well 



1 764. The method of clair i 



sources are located in the f< 



feM, and wherein at least about 7 heat sources are disposed in 



1727, mxptfler comprising providing heat from three or more 



heat sources to at least a po lion of ths formation, wherein three or more of the heat 



rmation in a unit of nfeat sources, and wherein the unit of heat 



sources comprises a triangular pattern. 



1765. The method of claimll727, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit oivieat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wheredn a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1766. A method of treating a coal formation in situ, fymprising: 
providing heat from one or more heat sources to\at least a portion of the 

formation; 
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llowing the heat to transfer from the one or more heat sources to a selected 
section oftthe formation; 

wherein at least some hydrocarbons within the selected section have an initial 
total organic matter weight percentage of at least about 5.0%; and 
producing a mixture from the formation. 



10 



1767. The meth&d of claim 1766, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes atyeast some hydrocarbons within the selected section of the 
formation. 



1768. The method of claim \lp6, further comprising maintaining a temperature within 
the selected section withiAa riyrolysisVemperature range. 



15 1 769. The method of clairny 766, wher^n the one or more heat sources comprise 
electrical heaters. 



20 



1770. The method of claim 
surface burners. 

1 77 1 . The method of clairh 
flameless distributed combi 



1 76j8f wherein tfte one or more heat sources comprise 



1 766, wherein the one or more heat sources comprise 
stors. 



1772. The method of claim 1766, whereiJjj the one or more heat sources comprise natural 
25 distributed combustors. 
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1773. The method of claim 1766, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1 774. The method of claim 1 766, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

5 1 775. The method of claim 1 766, wherein providing heat from the one or more heat 
sources to at lqast the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, whereinUhe formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*Q?PB 

wherein Pwr is me heitlng energy/day, h is an average heating rate of the 
formation, p% is formatio^ bu|k tyensity, and wherein the heating rate is less than about 10 
15 °C/day. 



20 



1776. The method of clair 
transferring heat substantial 



\766, whepin allowing the heat to transfer comprises 



action. 



1777. The method of claim 
sources comprises heating 
a portion of the selected 



1 V66i whereimproviding heat from the one or more heat 
selected section such that a thermal conductivity of at least 
section is greater than about 0.5 W/(m °C). 



tie 



1778. The method of claim 



1766, wherein the produced mixture comprises condensable 



25 hydrocarbons having an API \jravity of at\east about 25 



1779. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



30 
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1780. Tvhe method of claim 1766, wherein the produced mixture comprises non- 
condensaqle hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensablet hydrocarbons ranges from about 0.001 to about 0.15. 

5 1781. The meuiod of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1782. The method of claim 1766, wherein the produced mixture comprises condensable 
10 hydrocarbons, and whWein le^s man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



15 



25 



1 783. The method of claim 1766, wherein the produced mixture comprises condensable 



hydrocarbons, and whereii 
basis, of the condensable 



ss than about 1 % by weight, when calculated on an atomic 
LydrocarbonJH^sulfur. 



1 784. The method of cla im 
hydrocarbons, wherein about d vo 
hydrocarbons comprise o:cygen com 



wherei\the produced mixture comprises condensable 
weight ftvabout 30 % by weight of the condensable 
aning compounds, and wherein the oxygen 



jp 20 containing compounds comprise phenols 



rnp 



1785. The method of claim 1766, where A the produced mixture comprises condensable 
hydrocarbons, and wherein greater than abou( 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1786. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with mofe than two rings. 
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1787. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 1788. The meuiod of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, arid wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1789. The method oi\plaim 1766, wherein the produced mixture comprises a non- 
10 condensable component wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein th\hydrog^is less than about 80 % by volume of the non- 
condensable component. 

1 5 1 790. The method of claim 1 76ft wherfcin the produced mixture comprises ammonia, 
and wherein greater than about 0/0:5 % bA weight of the produced mixture is ammonia. 
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1 79 1 . The method of claim 1 766, whWeiii the produced mixture comprises ammonia, 
and wherein the ammonia is used to ftoauce fertilizer. 



1 792. The method of claim 1 
least a majority of the selected 
is at least about 2.0 bar absolutb 



66, further comprising controlling a pressure within at 
section of the formation, wherein the controlled pressure 



1 793 . The method of claim 1 
produce the mixture, wherein a 
about 0.5 bar. 



66, further comprising controlling formation conditions to 
partial pressure of H^within the mixture is greater than 



1 794. The method of claim 1 793, wherein the partial pressure of H2 within the mixture 
30 is measured when the mixture is at a production well. 
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1795. The method of claim 1766, further comprising altering a pressure within the 
formatioA to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 1 796. The method of claim 1 766, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 797. The method of claim 1 766, further comprising: 

providing Hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
10 within the section; aiad 

heating a portfbn of the section with heat from hydrogenation. 

1798. The method of claim l/fta further comprising: 
producing hydrogap and condensable hydrocarbons from the formation; and 



n of^he produced condensable hydrocarbons with at least a 
gen. 

786, j^GWein allowing the heat to transfer comprises 
maprity o£the selected section to greater than about 100 



1 5 hydrogenating a po: 

portion of the produced hydri 

1 799. The method of claim 
increasing a permeability of 

20 millidarcy. 

1800. The method of claim 1766, v^aerein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

25 1 801 . The method of claim 1 766, furtheAcomprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1802. The method of claim 1766, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein atMeast about 7 heat sources are disposed in 
30 the formation for each production well. 
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1803. The method of claim 1766, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are\ocated in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



1 804. The metlaod of claim 1766, further comprising providing heat from three or more 
heat sources to a&least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



15 



20 



1805. A method of treating a coal formation in situ, comprising: 

providing heat frapi onfs^v more heat sources to at least a portion of the 
formation; 

allowing the heat to \ ^nsfe\from the one or more heat sources to a selected 
section of the formation; 

wherein the selected siVtion hzJs beeji selected for heating using an atomic oxygen 
weight percentage of at least a p©rtiop^hydrocarbons in the selected section, and 
wherein at least a portion of tjne jwdrocarbo^s in the selected section comprises an atomic 



oxygen weight percentage of 
basis; and 



less tfbn about 15% when measured on a dry, ash free 



producing a mixture from the formation. 



rom 



1806. The method of claim 1805, whereVi the one or more heat sources comprise at 
25 least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbon^ within the selected section of the 
formation. 



1 807. The method of claim 1 805, further comprising maintaining a temperature within 
30 the selected section within a pyrolysis temperature range. 
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1808. The method of claim 1805, wherein the one or more heat sources comprise 
electricaMieaters. 

1809. The method of claim 1805, wherein the one or more heat sources comprise 
5 surface burners. 

1810. The method of claim 1805, wherein the one or more heat sources comprise 
flameless distributed combustors. 



10 1811. The method onclaim 1 805, wherein the one or more heat sources comprise natural 
distributed combustors. 

1812. The method of claim 180:>, rarther comprising controlling a pressure and a 
temperature within at least a\majorityV>f the selected section of the formation, wherein 



15 the pressure is controlled as a* 
a function of pressure. 



25 



1813. The method of claim 1 80p 
average heating rate of the selec 
20 pyrolysis. 



ction ©f-temperature, or the temperature is controlled as 



1814. The method of claim 1 8C 
sources to at least the portion of 



ler comprising controlling the heat such that an 
section is lessHhan about 1 °C per day during 



5, wherein providing heat from the one or more heat 
brmation comprises: 



heating a selected volume (V) of the Voal formation from the one or more heat 
sources, wherein the formation ha^an averaA heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within tire selected volume of the formation; and 

wherein heating energy/day provided to i^ie volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 
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/herein Pwr is the heating energy/day, h is an average heating rate of the 
formatio^ p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 1815. The iAethod of claim 1805, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



10 



1816. The method of claim 1 805, wherein providing heat from the one or more heat 
sources comprises Keating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1817. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity orat least about 25°. 

15 1818. The method of claim 1^05, whermn the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % weight to about 15 % by weight of the 
condensable hydrocarbons are ©latins. 



25 



1819. The method of claim 1/805^ wmerein the produced mixture comprises non- 



20 condensable hydrocarbons, 



condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1 820. The method of claim 



Ld wherein a molar ratio of ethene to ethane in the non- 



1805, wherein ijhe produced mixture comprises condensable 



hydrocarbons, and wherein le^than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



30 



1821. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1822. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of tire condensable hydrocarbons is sulfur. 

1823. The nrethod of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons colmprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



10 



15 



1824. The method ©f claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wlrerein greater than about 20 % by weight of the condensable 



hydrocarbons are aromatic 

1825. The method of cla: 
hydrocarbons, and whereii 
hydrocarbons comprises n 



lpounds. 

18® 5, wherein the produced mixture comprises condensable 
ess man about 5 % by weight of the condensable 
ulM-rinjkaromafics with more than two rings. 



hydrocarbons, and whereir 



1826. The method of clai tn 1805, whereiii the produced mixture comprises condensable 



less than about (O % by weight of the condensable 



20 hydrocarbons are asphaltenes 



25 
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1827. The method of claim 1805, whqrein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 %-bj\ weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkane 

1828. The method of claim 1805, wherein th\ produced mixture comprises a non- 
condensable component, wherein the non-condeiasable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % oV volume of the non-condensable 
component, and wherein the hydrogen is less than aoput 80 % by volume of the non- 
condensable component. 
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1 829. The method of claim 1 805, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 830. The method of claim 1 805, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 



10 



1 83 1 . The metnbd of claim 1 805, further comprising controlling a pressure within at. 
least a majority oMie selected section of the formation, wherein the controlled pressure 
is at least about 2.0v)ar absolute. 

1832. The method oi\claim 1805, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



15 1833. The method of claiAl83£ 
is measured when the mixture i^ at 



wherein the partial pressure of H2 within the mixture 
production well. 



1 834. The method of claim 1 
formation to inhibit producti 
20 numbers greater than about 2] 



25 



lydroc 



comprising altering a pressure within the 
rbons from the formation having carbon 



1 835. The method of claim 
by recirculating a portion of 



1805, further comprising controlling formation conditions 
jtydrogen\from the mixture into the formation. 



1 836. The method of claim 1 805, further comprising: 

providing hydrogen (H2) to the headed section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with fteat from hydrogenation. 



30 1 837. The method of claim 1 805, further composing: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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lydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion otthe produced hydrogen. 

1 838. The method of claim 1 805 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



10 



1839. The method of claim 1 805, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 



15 



20 



1840. The method ofVlaim/l8Q5, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1841. The method of clai] 
the mixture in a production 



the formation for each prodi crnon w< 



1 842. The method of claim 
heat sources to at least a port: 
sources are located in the fo: 



1805, Wherein producing the mixture comprises producing 
ell, and whergxruat least about 7 heat sources are disposed in 



05, further conrorising providing heat from three or more 
on on the formation^herein three or more of the heat 
ationVn a unit of heat sources, and wherein the unit of heat 



sources comprises a triangular patter 

1 843. The method of claim 1 805, further comprising providing heat from three or more 
25 heat sources to at least a portion \>f the fomiation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



30 1844. A method of treating a coal formation in 9itu, comprising: 
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providing heat from one or more heat sources to a selected section of the 
formation; 

allWing the heat to transfer from the one or more heat sources to the selected 
section of t^e formation to pyrolyze hydrocarbon within the selected section; 
5 wherein at least some hydrocarbons within the selected section have an initial 

atomic oxygermveight percentage of less than about 15%; and 
producing a mixture from the formation. 

1 845. The methodVof claim 1 844, wherein the one or more heat sources comprise at 
10 least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at le^st some hydrocarbons within the selected section of the 
formation. 



1 846. The method of claim fl 844 further comprising maintaining a temperature within 
15 the selected section within avpyroljssis temperature range 

1847. The method of claim 1844, wWin the one or more heat sources comprise 
electrical heaters. 



20 



25 



1 848. The method of claim 1 844, ^herein tn^one or more heat sources comprise 
surface burners. 

\ 

1 849. The method of claim 1 844, whereip the one or more heat sources comprise 
flameless distributed combustors. 

1 850. The method of claim 1 844, wherein the\pne or more heat sources comprise natural 
distributed combustors. 



1851. The method of claim 1 844, further comprisingtcontrolling a pressure and a 
30 temperature within at least a majority of the selected sefction of the formation, wherein 
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le pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1852A The method of claim 1844, further comprising controlling the heat such that an 
5 averageVieating rate of the selected section is less than about 1 °C per day during 
pyrolysis\ 



1853. The method of claim 1 844, wherein providing heat from the one or more heat 
sources to at ftsast the portion of formation comprises: 
10 heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein\he formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least sbme hydrocarbons within the selected volume of the formation; and 
wherein heatW energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculate! by the equation: 
15 Pwr = h*V*C v \ 

wherein Pwr is tHK heating energy/day, h is an average heating rate of the 
formation, p B is formation fyilk d^^ity, and wherein the heating rate is less than about 10 
3 C/day. 

20 1 854. The method of cl lim 1 844, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1855. The method of claiiml 844, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
25 a portion of the selected section is greater tftan about 0.5 W/(m °C). 



1 856. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least abW 25°. 
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1 857. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensate hydrocarbons are olefins. 

5 1 858. The method of claim 1 844, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 859. The method Vf claim 1 844, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wnferein less than, apout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



15 



20 



25 



1 860. The method of claim 1)844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abouH % by weight, when calculated on an atomic 
basis, of the condensable hydr\carbm*s is oxygen. 



1861. The method of clairr 
hydrocarbons, and wherein 
basis, of the condensable 



184%whereinVhe produced mixture comprises condensable 
ess than about 1 %>by weight, when calculated on an atomic 
hyldrocarbons is sulfur. 



1 862. The method of claim 1 844, whererin the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 863. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 °A$>y weight of the condensable 
hydrocarbons are aromatic compounds. 
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1864. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 1 865. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are^asphaltenes. 

1866. The method &f claim 1844, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wWerein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cyclpalkanes. 



1867. The method of claim 184fl, wherain the produced mixture comprises a non- 
condensable component, wHereip the nonVcondensable component comprises hydrogen, 
15 wherein the hydrogen is greatW than about 10 % by volume of the non-condensable 
component and wherein the hyilrogen is les^ than about 80 % by volume of the non- 
condensable component. 



1868. The method of claim 1 
20 and wherein greater than about 



54ft, wdierein the produced mixture comprises ammonia, 
0.05 °A by weight of the produced mixture is ammonia. 



1 869. The method of claim 1 844, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



25 1 870. The method of claim 1 844, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1871. The method of claim 1 844, further comprisin^ontrolling formation conditions to 
30 produce the mixture, wherein a partial pressure of H2 wjthin the mixture is greater than 
about 0.5 bar. 



Conley, Rose & Tayon, P.C. 



1 872. The method of claim 1 871, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

5 1 873. The method of claim 1 844, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater\han about 25. 

1 874. The methodVf claim 1 844, further comprising controlling formation conditions 
10 by recirculating a poraon of hydrogen from the mixture into the formation. 



15 



1 875. The method of claim 1 844, further comprising: 

providing hydrogen^(H 2 ) to fng heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of th\ section With heat from hydrogenation. 



1 876. The method of claim 1 844, furthe 



iprising: 



producing hydrogen an< 
hydrogenating a portion 



20 portion of the produced hydrog in. 



co^ldnsaMe hydrocarbons from the formation; and 

produced condensable hydrocarbons with at least a 



25 



1 877. The method of claim 1 844> wherem allowing the heat to transfer comprises 
increasing a permeability of a majority of tftf selected section to greater than about 100 
millidarcy. 

1 878. The method of claim 1 844, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 879. The method of claim 1 844, further comprising\ontrolling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbonsias measured by Fischer Assay. 
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1 880. The method of claim 1 844, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1881. The method of claim 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises^ triangular pattern. 



10 1 882. The method qf claim 1 844, further comprising providing heat from three or more 
heat sources to at leasna portion of the formation, wherein three or more of the heat 
sources are located in tfte formationlin a unit of heat sources, wherein the unit of heat 
sources comprises a triaiteular pattern, and wherein a plurality of the units are repeated 
over an area of the formaopn to /brn| a repetitive pattern of units. 

15 

1883. A method of treating Wcoal foVpaafion in situ, comprising: 

providing heat from (fflg oymov^ heat sources to at least a portion of the 
formation; 

allowing the heat t<$ transfer from tlibspije or more heat sources to a selected 
20 section of the formation; 

wherein the selected section\has been selected for heating using an atomic 
hydrogen to carbon ratio lof at least abortion of hydrocarbons in the selected section, 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratio greater than ab(^ut 0.70, and wherein the atomic hydrogen to 
25 carbon ratio is less than about 1 .65; and 

producing a mixture from the formalsion. 



30 



1 884. The method of claim 1 883, wherein throne or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons wirl^in the selected section of the 
formation. 
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1 885. The method of claim 1 883, further comprising maintaining a temperature within 
the selects section within a pyrolysis temperature range. 

5 1 886. The method of claim 1 883, wherein the one or more heat sources comprise 
electrical heateVs. 

1887. The method of claim 1883, wherein the one or more heat sources comprise 
surface burners. 



10 



1888. The method ofVlaim 1883, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1889. The method of clairr^l88p, ^herein the one or more heat sources comprise natural 
1 5 distributed combustors . 



20 
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1 890. The method of claim 1 
temperature within at least a n 
the pressure is controlled as a 
a function of pressure. 



former comprising controlling a pressure and a 
ikty oAhg^elected section of the formation, wherein 
of temperature, or the temperature is controlled as 



1891. The method of claim 18B3, furthet comprising controlling the heat such that an 
average heating rate of the selected sections less than about 1 °C per day during 
pyrolysis. ^ 



\ 
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1 892. The method of claim 1883, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selectedYolume of the formation; and 
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/herein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Avr is calculated by the equation: 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B information bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1 893. The methodVof claim 1 883, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 894. The method of craim 1 883, wherein providing heat from the one or more heat 
sources comprises heatinft the selected section such that a thermal conductivity of at least 
a portion of the selected se\tiqfn is greater than about 0.5 W/(m °C). 



15 1895. The method of claim 
hydrocarbons having an AP 

1896. The method of claiq i 
hydrocarbons, and wherein 
20 condensable hydrocarbons 



25 



$83, wherein the produced mixture comprises condensable 
gflpvity w at least about 25° 

/hereV the produced mixture comprises condensable 
LOM % by weight to about 15 % by weight of the 



1 897. The method of claini 1 883, wherein the produced mixture comprises non- 
condensable hydrocarbons, am wherein aVnolar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from aboVt 0.001 to about 0.15. 

1 898. The method of claim 1 883, wherein th^produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % W weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitroger 
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1 899. The method of claim 1 883 ? wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of tnk condensable hydrocarbons is oxygen. 

5 1900. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1901. The method of claim 1883, wherein the produced mixture comprises condensable 
10 hydrocarbons, whereiAabout 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise ©xygen containing compounds, and wherein the oxygen 
containing compounds cc^praeWienols. 



15 



20 



25 



1 902. The method of clainAl 8 83, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein /greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic conroountos. 



1 903 . The method of clai n 
hydrocarbons, and whereiji 
hydrocarbons comprises 



1883\>^Rerbin the produced mixture comprises condensable 
lesg/fhah abouro % by weight of the condensable 
ring aiomatics^vith more than two rings. 



multi 



1904. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinUess than abou^ 0.3 % by weight of the condensable 
hydrocarbons are asphaltene\ 

1905. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weigttf to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 1 906. The method of claim 1 883, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensablacomponent comprises hydrogen, 
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therein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
conMensable component. 

5 1907. VThe method of claim 1883, wherein the produced mixture comprises ammonia, 
and whesein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1908. Theynethod of claim 1883, wherein the produced mixture comprises ammonia, 
and wherein^he ammonia is used to produce fertilizer. 

10 

1909. The merhod of claim 1883, further comprising controlling a pressure within at 
least a majority of the selected-section of the formation, wherein the controlled pressure 
is at least about 2.® bar absolute. 

15 1910. The method of claim 1883,\further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



1911. The method of <; 
20 is measured when the 



25 



airr^ ljm), wherein the partial pressure of H2 within the mixture 
is at a production well. 



1912. The method of dlaim 1 886, further composing altering a pressure within the 
formation to inhibit production of^ydrocarbons from the formation having carbon 
numbers greater than about 25. 

1913. The method of claim 1883, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1914. The method of claim 1 883, further comprising: 
30 providing hydrogen (H2) to the heated \ection to hydrogenate hydrocarbons 

within the section; and 
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aeating a portion of the section with heat from hydrogenation. 

1915. Th^fiethod of claim 1 883, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogfenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



10 



1916. The methon of claim 1883, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



20 



1917. The method of c>aim 1883, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



15 1918. The method of claim 
than about 60 % by weight 



883\ further comprising controlling the heat to yield greater 
;ondsnsable hydrocarbons, as measured by Fischer Assay. 



1919. The method of claim 
the mixture in a production v^ell, 
the formation for each produqtij 



188^, whVreirfproducing the mixture comprises producing 
wft^rein at least about 7 heat sources are disposed in 
11. 



25 



1920. The method of claim r883, fiirfher compri&^g providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formari^n in a u^it of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 



1921 . The method of claim 1 883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and whereinV plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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1922. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to a selected section of the 
formation;) 

allo\fring the heat to transfer from the one or more heat sources to the selected 
section of theYormation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen to carbon ratio greater than about 0.70; 

wherein the initial atomic hydrogen to carbon ration is less than about 1.65; and 

producing amixture from the formation. 
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1923. The method oficlaim 1922, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at leas\ somy hydrocarbons within the selected section of the 

15 formation. 

1924. The method of claim/1922, fukhpp^omprising maintaining a temperature within 
the selected section within apwojyfts temperature range. 

20 1925. The method of claiip 192^ whereiirt^e one or more heat sources comprise 
electrical heaters. 

1926. The method of claim 1922, wl^rein the one or more heat sources comprise 
surface burners. 



25 



1927. The method of claim 1922, wherein\he one or more heat sources comprise 
flameless distributed combustors. 



1928. The method of claim 1922, wherein the o\e or more heat sources comprise natural 
30 distributed combustors. 
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1929. The method of claim 1922, further comprising controlling a pressure and a 
temperatulre within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function oi\>ressure. 

1930. The method of claim 1922, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



10 
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193 1. The method orclaim 1922, wherein providing heat from the one or more heat 
sources to at least the pmtion of formation comprises: 

heating a selectedwolume tV\of the coal formation from the one or more heat 
sources, wherein the formation hap ariaverage heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarl ons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by tHe squatioi 



1 932. The method of claim 1 92: 
transferring heat substantially by 



y/daj 



Pwr = h*V*C v *p B 
wherein Pwr is the heating 

formation, p B is formation bulk d< n^ty, and 

°C/day. 



h is an average heating rate of the 
wheKein the heating rate is less than about 10 



, wherein allowing the heat to transfer comprises 
;onductW. 



1933. The method of claim 1922, wherein providing heat from the one or more heat 
sources comprises heating the selected section Yuch that a thermal conductivity of at least 
a portion of the selected section is greater than afitout 0.5 W/(m °C). 



1934. The method of claim 1922, wherein the produced mixture comprises condensable 
30 hydrocarbons having an API gravity of at least about : 
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1935. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

5 1 936. The method of claim 1 922, wherein the produced mixture comprises non- 
condensable hjndrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1937. The methodW claim 1922, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1938. The method of claim 19E2, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinVess thani about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hyorpcarbons is- oxygen. 
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1939. The method of claim 1922, WneWn the produced mixture comprises condensable 
hydrocarbons, and wherein less tjfan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is suhur. 

1940. The method of claim \^922, wMerein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1941. The method of claim 1922, wherein th^produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20y% by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1942. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 1943. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons ara asphaltenes. 

1944. The methoaof claim 1922, wherein the produced mixture comprises condensable 
10 hydrocarbons, and vqherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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1945. The method of cWm 1922, ^herein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

15 wherein the hydrogen is grWer tHan about 10 % by volume of the non-condensable 
component, and wherein theyiyd/ogen ^ less than about 80 % by volume of the non- 
condensable component. 

1946. The method of claim l/92^vhereii^the produced mixture comprises ammonia, 
20 and wherein greater than about 0.06 % by weight of the produced mixture is ammonia. 



1947. The method of clahr 
and wherein the ammonia i§ 



1922, wherein the produced mixture comprises ammonia, 
used to praduce fertilizer. 



25 1948. The method of claim 1922, furthencomprising controlling a pressure within at 
least a majority of the selected section of the^formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1949. The method of claim 1922, further comprising controlling formation conditions to 
30 produce the mixture, wherein a partial pressure of within the mixture is greater than 
about 0.5 bar. 
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1950. The method of claim 1949, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

5 1 95 1 . The method of claim 1 922, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greate\ than about 25. 

1952. The method of claim 1922, further comprising controlling formation conditions 
10 by recirculating a portion of hydrogen from the mixture into the formation. 



15 



1953. The method of Vlaim 1922, further comprising: 

providing hydrogpn (H2) toJtKe^eated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of ^he sfection wi\h heat from hydrogenation. 



20 
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1954. The method of claim 1 
producing hydrogen aijd 
hydrogenating a portidn 

portion of the produced hydro 



1955. The method of claim 
increasing a permeability of a 
millidarcy. 



!2, furthepdomprising: 

mctensablfc hydrocarbons from the formation; and 
of me produced condensable hydrocarbons with at least a 



ger 



922, whereun allowing the heat to transfer comprises 
majority of me selected section to greater than about 100 



1956. The method of claim 19^2, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1957. The method of claim 1922, further comprisingVcontrolling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1958. The method of claim 1922, wherein producing the mixture comprises producing 
the mixtiAe in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1959. The method of claim 1922, further comprising providing heat from three or more 
heat sources toVit least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprise&a triangular pattern. 



10 
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1960. The method df claim 1 922, further comprising providing heat from three or more 
heat sources to at leas^a portion of me formation, wherein three or more of the heat 
sources are located in tnfe formation in a unix of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and vtherein a plurality of the units are repeated 



over an area of the format! 




form a repetitive pattern of units. 



oal formation in situ, comprising: 
r more heat soWces to at least a portion of the 



1 96 1 . A method of treating a 

providing heat from on ■ ; - 
formation; 

allowing the heat to transfer ^rpfn the one oi^nore heat sources to a selected 
section of the formation; 

wherein the selected sefctirfn has-been selected for Seating using an atomic oxygen 
to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 
least a portion of the hydrocarbons in the sheeted section comprises an atomic oxygen to 
carbon ratio greater than about 0.025, and whVrein the atomic oxygen to carbon ratio of at 
least a portion of the hydrocarbons in the selected section is less than about 0.15 and 

producing a mixture from the formation. 



30 



1962. The method of claim 1961, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of hW from at least the two heat 
sources pyrolyzes at least some hydrocarbons within th^gelected section of the 
formation. 
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1963. 'Hie method of claim 1961, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

5 1964. The method of claim 1961, wherein the one or more heat sources comprise 
electrical heate\s. 



10 



1965. The method of claim 1961, wherein the one or more heat sources comprise 
surface burners. 

1966. The method ofylaim 1961 , wherein the one or more heat sources comprise 
flameless distributed combustors 



15 



1967. The method of claim l<f61 ^wherein the one or more heat sources comprise natural 
distributed combustors. 
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1968. The method of claim J9£M, further comprising controlling a pressure and a 
temperature within at least a fnajolrity oMie selected section of the formation, wherein 
the pressure is controlled as a flincty^n of temperature, or the temperature is controlled as 
a function of pressure. 

1969. The method of claim 1961, furthe\ comprising controlling the heat such that an 
average heating rate of the selected section\s less than about 1 °C per day during 
pyrolysis. 



v 
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1970. The method of claim 1961, wherein provraing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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therein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Ait is calculated by the equation: 

wher&n Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B i^ formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1971. The methoa of claim 1 96 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1972. The method of claim 1961, wherein providing heat from the one or more heat 
sources comprises heatina the selected section such that a thermal conductivity of at least 
a portion of the selected section is/greater tfhan about 0.5 W/(m °C). 



15 1973. The method of claim l\6/l , wherein l^p'roduced mixture comprises condensable 
hydrocarbons having an API gr^ity of at4ea& about 25°. 
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1 974. The method of claim 1 96 1 Jwherein the produced mixture comprises condensable 
hydrocarbons, and wherein ab©ut 0.l\% by weight tOsabout 15 % by weight of the 
condensable hydrocarbons are/ olefins. 



1975. The method of claim 



96 1 , wherem the produced mixture comprises non- 



condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about\0.001 to about 0.15. 

1976. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % bAweight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1 977. Ihe method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of tlAcondensable hydrocarbons is oxygen. 

5 1 978. The m&hod of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 979. The method Vf claim 1961 ? wherein the produced mixture comprises condensable 
10 hydrocarbons, wherem about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds apmpris/ plaenols. 



15 
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1980. The method of claim A 961 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic c ompoundsJ 



1981. The method of claiqi 
hydrocarbons, and wherein 



196\L M/hereirkthe produced mixture comprises condensable 
ess tiMn about 5vo by weight of the condensable 



20 hydrocarbons comprises multi-ringWomatics wth more than two rings. 

1 982. The method of claim! 1 96 1 , wlrerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than ab\ut 0.3 % by weight of the condensable 
hydrocarbons are asphaltenea. 



1983. The method of claim li961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 1984. The method of claim 1961, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensaB^e component comprises hydrogen, 
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therein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
conoensable component. 

5 1985. Tfl€ method of claim 1961, wherein the produced mixture comprises ammonia, 
and whereirigreater than about 0.05 % by weight of the produced mixture is ammonia. 

1986. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein the ^nmonia is used to produce fertilizer. 

10 

1987. The method of claim 1961, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

15 1988. The method of claim\9f61, further comprising controlling formation conditions to 
produce the mixture, wherein ^partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1989. The method of claim/l#88 ? ^herein\he partial pressure of H2 within the mixture 
20 is measured when the mixture is at a production well. 

1990. The method of claim 1961 , further comprising altering a pressure within the 
formation to inhibit production of hydrocal^ons from the formation having carbon 
numbers greater than about\25. 



25 



1991. The method of claim 1961, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



1 992. The method of claim 1 96 1 , further comprising? 
30 providing hydrogen (H2) to the heated section toljiydrogenate hydrocarbons 

within the section; and 
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aeating a portion of the section with heat from hydrogenation. 

1 993. The method of claim 1 96 1 , further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrqgenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



10 



1 994. The method of claim 1961, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



15 
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1 995. The method oficlaim 1961 ? wherein allowing the heat to transfer further 
comprises substantiallyYmiformly increasing a permeability of a majority of the selected 
section. 

1 996. The method of claim 1 96 1 Y further comprising controlling the heat to yield greater 



than about 60 % by weight 



)ftcondfensab^hydrocarbons 5 as measured by Fischer Assay. 



1 997. The method of clair i 
the mixture in a production 
the formation for each produ< 



19<y; wtterein producing the mixture comprises producing 
w^ll, ajpd wft^rein at least about 7 heat sources are disposed in 
tion vtell. 



1998. The method of clainj 1961, furtfter comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a un\of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



3.0 



1999. The method of claim 19^t7further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wlaerein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 



Conley, Rose & Tayon, P.C. 



^purees comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



10 



2000.\ A method of treating a coal formation in situ, comprising 

providing heat from one or more heat sources to a selected section of the 
formation 

all<Wing the heat to transfer from the one or more heat sources to the selected 
section of tWe formation to pyrolyze hydrocarbons within the selected section; 

wherem at least some hydrocarbons within the selected section have an initial 
atomic oxygen \p carbon ratio greater than about 0.025; 

wherein me initial atomic oxygen to carbon ratio is less than about 0.15; and 

producing admixture from the formation. 



2001. The method ofVlaim 2000, wherein the one or more heat sources comprise at 
15 least two heat sources, akd wHerein superposition of heat from at least the two heat 
sources pyrolyzes at least 30m e hydrocarbons within the selected section of the 



formation. 



2002. The method of claim " 
20 the selected section within a f 



2003 . The method of claim 
electrical heaters. 



000, furtherN^pmprising maintaining a temperature within 
olysis temperature range. 

000, wherein the one or more heat sources comprise 



25 2004. The method of claim 21)00, wherein qje one or more heat sources comprise 
surface burners. 



2005. The method of claim 2000, wherein the on\or more heat sources comprise 
flameless distributed combustors. 



30 
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2006. Ttfie method of claim 2000, wherein the one or more heat sources comprise natural 
distributed combustors. 

2007. The method of claim 2000, further comprising controlling a pressure and a 
temperature wtthin at least a majority of the selected section of the formation, wherein 
the pressure is Controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2008. The methodW claim 2000, further comprising controlling the heat such that an 
average heating rate M the selected section is less than about 1 °C per day during 
pyrolysis. 



2009. The method i 
sources to at least the poij 

heating a selecte/ 
sources, wherein the fof 
pyrolyzes at least some 

wherein heatinj 
wherein Pwr is calcuk 



|0, wherein providing heat from the one or more heat 
formation comprises: 

[(V) of the coal formation from the one or more heat 

iverage heat capacity (C v ), and wherein the heating 
within the selected .volume of the formation; and 
tavided to the volume is equal to or less than Pwr, 
Lequatrt 



Pwr = /**F*C v f 

wherein Pwr islthe heating \energy/day, h is an average heating rate of the 
formation, p B is formation bulk densW and wherein the heating rate is less than about 10 
°C/day. . ^ 

2010. The method of claim 2000, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



201 1 . The method of claim 2000, wherein providing heat from the one or more heat 
sources comprises heating the selected section \uch that a thermal conductivity of at least 
a portion of the selected section is greater than a\out 0.5 W/(m °C). 
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2012. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2013. The method of claim 2000, wherein the produced mixture comprises condensable 
5 hydrocarbonsXand wherein about 0.1 % by weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. 

2014. The methon of claim 2000, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
10 condensable hydrocarbons ranges from about 0.001 to about 0.15. 



2015. The method of claim 200)0, wherein the produced mixture comprises condensable 
hydrocarbons, and whereVn lesp than about 1 % by weight, when calculated on an atomic 
basis, of the condensable %c)/rocarbons is nitrogen. 

2016. The method of claim ^000, wherfin the produced mixture comprises condensable 
hydrocarbons, and whereim leste tharfabout 1 % by weight, when calculated on an atomic 
basis, of the condensable nydrojprbons ik oxygen. 



15 



20 2017. The method of clafim 
hydrocarbons, and where 
basis, of the condensable 



2000\ wherein tn§ produced mixture comprises condensable 
n less tham about 1 % by weight, when calculated on an atomic 
lydrocarbons is sulfur. 



201 8. The method of claii^i 2000, wherein the produced mixture comprises condensable 
25 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



2019. The method of claim 2000, wherein th\ produced mixture comprises condensable 
30 hydrocarbons, and wherein greater than about 2\ % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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2020. 'Khe method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarlxms, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 \ 

2021 . The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, apd wherein less than about 0.3 % by weight of the condensable 
hydrocarbons ara asphaltenes. 

10 2022. The methockof claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abodtSYo by weight to about 30 % by weight of the 
condensable hydrocarbons a/e cycloalkanes. 



2023. The method of cmim 2000, wherein the produced mixture comprises a non- 



1 5 condensable component, 
wherein the hydrogen is 
component, and whereir 
condensable component 

20 2024. The method of c 
and wherein greater thar 



25 



herein the non-condensable component comprises hydrogen, 
greater than jjfeout 10 % by volume of the non-condensable 
the\hydpdgen is less than about 80 % by volume of the non- 



aim 2000, wherein the produced mixture comprises ammonia, 
about 0.u§ % by weight of the produced mixture is ammonia. 



2025 . The method of cl&m 2000, wnferein the produced mixture comprises ammonia, 
and wherein the ammoniaHs used to proMuce fertilizer. 

least a majority of the selected section of the\ormation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2027. The method of claim 2000, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 b> 

5 2028. The method of claim 2027, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2029. The methockof claim 2000, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

1 0 numbers greater than about 25 . 

2030. The method of claim 2000, further comprising controlling formation conditions 
by recirculating a portion df hydrogepf from the mixture into the formation. 

1 5 203 1 . The method of claim 2\)00/ further comprising: 

providing hydrogen (H 2 )^o the heate^l s^txbn to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the/section wtfh h&at from hydrogenation. 



20 2032. The method of claim 2000, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the proceed condensable hydrocarbons with at least a 
portion of the. produced ..hydrogen.-. 



25 2033. The method of claim 
increasing a permeability 01 
millidarcy. 



2000, wherein allowing the heat to transfer comprises 
a majority of the selected section to greater than about 100 



2034. The method of claim 2000, wherein allowing th\ heat to transfer further 
30 comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 
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2035. The method of claim 2000, further comprising controlling the heat to yield greater 
than abou\60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

5 2036. The method of claim 2000, wherein producing the mixture comprises producing 
the mixture in ^production well, and wherein at least about 7 heat sources are disposed in 
the formation foiWch production well. 

2037. The method Vf claim 2000, further comprising providing heat from three or more 
10 heat sources to at leasKa portion ofrffte formation, wherein three or more of the heat 

sources are located in tire formation in \ unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



15 



20 



25 



203 8. The method of claim XD00, further dtomprising providing heat from three or more 
heat sources to at least a portipm of the formation, wherein three or more of the heat 
sources are located in the fonpatfpn in a unit af b^afsources, wherein the unit of heat 
sources comprises a triangulajr pattern, anc^h&ein a plurality of the units are repeated 

l to fon\^repetitivApattern of units. 



over an area of the formation 



Comprising: 
sources t\ at least a portion of the 

)ne or more heat sources to a selected 



2039. A method of treating 

providing heat from oi^e^or more J 
formation; 

- allowing the heat to transfer from 1 
section of the formation; 

wherein the selected section has been sel\cted for heating using a moisture 
content in the selected section, anil wherein at leaA a portion of the selected section 
comprises a moisture content of les\ than about \5°/k and 
producing a mixture from the formation. 



30 2040. The method of claim 2039, wherein the one or mqre heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

204 1\ The method of claim 2039, further comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 

2042. Thee method of claim 2039, wherein the one or more heat sources comprise 
electrical heWrs. 

10 2043. The method of claim 2039, wherein the one or more heat sources comprise 
surface burners. 

2044. The method ot claim 20 39, wherein the one or more heat sources comprise 
flameless distributed cofnbustojfs. 

15 

2045. The method of claim 2(139, wherein the one or more heat sources comprise natural 
distributed combustors. 

2046. The method of claim 20$V further comprising controlling a pressure and a 
20 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a fu^ctic^j of temperature, or the temperature is controlled as 
a function of pressure. 

2047. The method of claim 203 9 A further comprising controlling the heat such that an 
25 average heating rate of the selected^ection i^ess than about 1 °C per day during 

pyrolysis. 



2048. The method of claim 2039, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises^ 



506 



Conley, Rose & Tayon, P.C. 



• 



10 



15 



sating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes atMeast some hydrocarbons within the selected volume of the formation; and 
wherem heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = /z*K*C v */>s 

wherein Pwk is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



2049. The method of claim 2039, wherei 
transferring heat substantially by condu^tk 



2050. The method of claim 2039, Wherein 
sources comprises heating the seleofted sect: 



allowing the heat to transfer comprises 



n. 



providing heat from the one or more heat 
on^ttch that a thermal conductivity of at least 



a portion of the selected section Yg reater J^an about 0.5 W/(m °C). 



20 



25 



205 1 . The method of claim 203 9, wherein tn^produced mixture comprises condensable 
hydrocarbons having an API gravity o»f at least about 25°. 



2)39 



2052. The method of claim 
hydrocarbons, and wherein ahbut 
condensable hydrocarbons are 



wherein the produced mixture comprises condensable 
0. 1 % b\ weight to about 1 5 % by weight of the 
olefins. . 



2053. The method of claim 2039, wherein tha produced mixture comprises non- 
condensable hydrocarbons, and wherein a molaX ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about O.Oyl to about 0.15. 



2054. The method of claim 2039, wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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2055. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of ink condensable hydrocarbons is oxygen. 

5 \ 

2056. The niethod of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

10 2057. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, whersin about 5 % b/wfeight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen oontaini^g compounds, and wherein the oxygen 
containing compoundacompri/e phenols 

15 2058. The method of cl\in/ 2039, wherejh the produced mixture comprises condensable 
hydrocarbons, and whereiA/ greater tfef^i ab\ut 20 % by weight of the condensable 
hydrocarbons are aromatia Aomjaounds. 



20 



25 



2059. The method of claim[2&39, wherein the pfoduced mixture comprises condensable 
hydrocarbons, and wheriin lessYhan about 5 % by weight of the condensable 
hydrocarbons comprises multi-rinfe aromatics with more than two rings. 



2060. _ The method . of c 



aim 2019,-wherein the produced mixture comprises condensable 



hydrocarbons, and wheredn less than a\out 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



30 



2061. The method of claim 2039, whereimthe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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2062. TShe method of claim 2039, wherein the produced mixture comprises a non- 
condensaoie component, wherein the non-condensable component comprises hydrogen, 
wherein the ^hydrogen is greater than about 10 % by volume of the non-condensable 
component, akd wherein the hydrogen is less than about 80 % by volume of the non- 

5 condensable component. 

2063. The methon of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein greateAthan about 0.05 % by weight of the produced mixture is ammonia. 

10 2064. The method oficlaim 2039, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to/p*oduce fertilizer. 

2065. The method of claim 20p9, further comprising controlling a pressure within at 
least a majority of the select^cjf section ofphe formation, wherein the controlled pressure 
15 is at least about 2.0 bar absol 



20 



2066. The method of claim 
produce the mixture, whereir 
about 0.5 bar. 



2033, further qpmojising controlling formation conditions to 
a pakial pre^ure of H2 within the mixture is greater than 



2067. The method of claim 2O66, wherein the partiarpfessure of H2 within the mixture 
is measured when the mixturelis at a production well. 



2068. The method of claim 2<S39, further comprising altering a pressure within the 
25 formation to inhibit production \f hydrocarbons from the formation having carbon 
numbers greater than about 25. 



30 



2069. The method of claim 2039, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2070. The method of claim 2039, further comprising: 
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aroviding hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within thk section; and 

heating a portion of the section with heat from hydrogenation. 

5 2071 . The nrethod of claim 2039, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogeimting a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

10 2072. The method ©f claim 2039, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2073. The method of cl^im 203k wherein allowing the heat to transfer further 
15 comprises substantially un^fprml}^ increasing a permeability of a majority of the selected 
section. 



20 



25 



2074. The method of claim 203 9, farther comprising controlling the heat to yield greater 



than about 60 % by weig 



1 of condensable hydrocarbons, as measured by Fischer Assay. 



2075. The method of claim 2039 ? Whereiirp5pducing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each prqduction_we!( 

2076. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unM of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 2077. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation! wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
so Wees comprises a triangular pattern, and wherein a plurality of the units are repeated 
overW area of the formation to form a repetitive pattern of units. 

2078. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to a selected section of the 

formation; 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the rarmation; 

wherein at least a portion of the selected section has an initial moisture content of 
less than about 15%; and 

producing a mixture ftbm ttie formation. 

2079. The method of claim 2078, wherein the one or more heat sources comprise at 
least two heat sources, aM wherein superposition of heat from at least the two heat 
sources pyrolyzes at least ^pme hydro^b'ons within the selected section of the 
formation. 

2080. The method of clatm 20^8, further Comprising maintaining a temperature within 
the selected section witHdn a pyrolvsis temperature range. 

208 1 . The method of cjaim 2078, wn^rein the one or more heat sources comprise 
electrical heaters. 



2082. The method of claim 2078, whereii^he one or more heat sources comprise 
surface burners. 

2083. The method of claim 2078, wherein the o\e or more heat sources comprise 
flameless distributed combustors. 
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2084. Tfce method of claim 2078, wherein the one or more heat sources comprise natural 
distributee combustors. 

2085. The nrethod of claim 2078, further comprising controlling a pressure and a 

5 temperature wkhin at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2086. The method Y>f claim 2078, further comprising controlling the heat such that an 
10 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 



15 



20 



2087. The method of claim 2078, wherein providing heat from the one or more heat 
sources to at least the portioia of formation comprises: 

heating a selected volume (J/) oijthe coal formation from the one or more heat 



sources, wherein the formation nas 



an a^rage heat capacity (C v ), and wherein the heating 



pyrolyzes at least some hydrocarftp is witnin the selected volume of the formation; and 



wherein heating energy/da; 
wherein Pwr is calculated by the o 

Pwr = h*V*C v *p B 

wherein Pwr is the heating eher 
formation, p B is formation bulk density, 
°C/day. 



rovided to the volume is equal to or less than Pwr, 



tion: 



(/day, h\ an average heating rate of the 

whereirrthe heating rate is less than about 10 



25 2088. The method of claim 2078, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



30 



2089. The method of claim 2078, wherein providin^ieat from the one or more heat 
sources comprises heating the selected section such thaXa thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



Conley, Rose & Tayon, P.C. 



2090. 'flhe method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarobns having an API gravity of at least about 25°. 

2091 . The method of claim 2078, wherein the produced mixture comprises condensable 
5 hydrocarbons, Vnd wherein about 0.1 % by weight to about 15 % by weight of the 

condensable hyarocarbons are olefins. 

2092. The methodW claim 2078, wherein the produced mixture comprises non- 
condensable hydrocalfoons, and wherein a molar ratio of ethene to ethane in the non- 

10 condensable hydrocarbons ranges from about 0.001 to about 0.15. 



15 



20 
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2093. The method of claim 2078, wherein tne produced mixture comprises condensable 
hydrocarbons, and wherein fless than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2094. The method of claim 2078L wherein the producpd'mixture comprises condensable 
hydrocarbons, and wherein less thaft a bout 1 % ^weight, when calculated on an atomic 
basis, of the condensable hydrocarbor s is oxyjgen\ 

2095. The method of claim 2078, w lerWi the produW mixture comprises condensable 
hydrocarbons, and wherein less than ibouV 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



A 

2096. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to abbut 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



2097. The method of claim 2078, wherein the produced fixture comprises condensable 
30 hydrocarbons, and wherein greater than about 20 % by weigjit of the condensable 
hydrocarbons are aromatic compounds. 
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2098. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 \ 

2099. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons araasphaltenes. 

10 2100. The method Vf claimv207V wherein the produced mixture comprises condensable 
hydrocarbons, and wftereiry about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbon/ are cyclqalkanes. 

2101. The method of c/aJpi 2078, wfoereiirthe produced mixture comprises a non- 
15 condensable componertf, wherein thp'flon-condensable component comprises hydrogen, 
wherein the hydrogen is grearenman about 10 % by volume of the non-condensable 
component, and wherein theyfiy^lrogen is la§s than about 80 % by volume of the non- 
condensable component. 

20 2102. The method qf claim 2078, wherein the produced mixture comprises ammonia, 
and wherein greater man about 0.05 °A by weight of the produced mixture is ammonia. 

2 1 03 . The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



25 



2104. The method of claim 2078, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2105. 'Die method of claim 2078, further comprising controlling formation conditions to 
produce tire mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 b$L 

5 2 1 06. The metkod of claim 2105, wherein the partial pressure of H2 within the mixture 
is measured whenVhe mixture is at a production well. 

2107. The method ol claim 2078, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

10 numbers greater than about 25.- 

2108. The method of clairA2078, further comprising controlling formation conditions 
by recirculating a portion of wdjrogf n from the mixture into the formation. 

15 2 1 09. The method of claim 2Qf7^, fdSrther comprising: 

providing hydrogen (H£) tc^th^hdited section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of th^sectiok wit\heat from hydrogenation. 



20 
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2110. The method of claimJ2078, furthSu: comprising; 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydj ogen. 



2111. The method of claim 2Q78, wherein allowing the heat to transfer comprises 
increasing 
millidarcy 



increasing a permeability of a majority of the selected section to greater than about 100 



2112. The method of claim 2078, wherein allowing the heat to transfer further 
30 comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 
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2113. TJie method of claim 2078, further comprising controlling the heat to yield greater 
than aboiA 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

5 2114. The method of claim 2078, wherein producing the mixture comprises producing 
the mixture in ^production well, and wherein at least about 7 heat sources are disposed in 
the formation foneach production well. 

2115. The method ©f claim 2078, further comprising providing heat from three or more 
10 heat sources to at leas\ a portion of the formation, wherein three or more of the heat 

sources are located in tra formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular paftteV 



2116. The method of claimVp78, further comprising providing heat from three or more 
15 heat sources to at least a portiAoi of the formation, wherein three or more of the heat 
sources are located in the forr lation in aWit of heat sources, wherein the unit of heat 
sources comprises a triangula- pattern, aj^wherein a plurality of the units are repeated 
over an area of the formation to fop^fa repetitive pattern of units. 

20 2117. A method of treating d fcoal formation in\itu, comprising: 

providing heat from oqe or more^eat sources to at least a portion of the 
formation; 

alio wing. the. heat to trarisfer fromth<\one or more heat sources to a selected 

section of the formation; \ 
25 wherein the selected section is heated in \ reducing environment during at least a 

portion of the time that the selected section is being heated; and 
producing a mixture from the formation. 



2118. The method of claim 2117, wherein the one or more heat sources comprise at 
30 least two heat sources, and wherein superposition of heat from at least the two heat 
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Sources pyroiyzes at least some hydrocarbons within the selected section of the 
formation. 

21 19. \The method of claim 2117, further comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 

2120. The method of claim 2117, wherein the one or more heat sources comprise 
electrical heatWs. 

10 2121 . The method of claim 2117, wherein the one or more heat sources comprise 
surface burners. 

2 1 22. The method onclaim 2 1 1 7,\wherein the one or more heat sources comprise 
flameless distributed combustors. 



15 



20 



2123. The method of claiir^fl 17, v^i^in the one or more heat sources comprise natural 
distributed combustors. 

2124. The method of claim Rl/i\ further\omprising controlling a pressure and a 
temperature within at least a jnajorky of the selected section of the formation, wherein 
the pressure is controlled as ^ function of temperature, or the temperature is controlled as 
a function of pressure. 



2125. The method of claim 2M7, fiirthencomprising controlling the heat such that an 
25 average heating rate of the selected section i^less than about 1 °C per day during 

pyrolysis. 

2126. The method of claim 2117, wherein provicmig heat from the one or more heat 
sources to at least the portion of formation comprises 
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aeating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = /i*F*C v *Pfl 

wherein JPwr is the heating energy/day, h is an average heating rate of the 
formation, p B is foliation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

2 127. The method of Vlaim Jl 1 7, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



15 



20 
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2128. The method of clai 
sources comprises heating 
a portion of the selected 



2117, wherein providing heat from the one or more heat 
tha selected se^ldn such that a thermal conductivity of at least 
stfctioX is grater than about 0.5 W/(m °C). 



2 1 29. The method of clajm 
hydrocarbons having an A 



2130. The method of cla 
hydrocarbons, and whereih 
condensable hydrocarbons 



2M7,Vvherein the produced mixture comprises condensable 
I gkyitjApf at least about 25°. 



m 21 17, wherein the produced mixture comprises condensable 
about 0.1 % b\ weight to about 15 % by weight of the 
are olefins. 



2131. The method of clainv 2 1 1 7, wherein theVroduced mixture comprises non- 
condensable hydrocarbons, and wherein a molar \atio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.00\ to about 0.15. 




2132. The method of claim 2117, wherein the produced mixture comprises condensable 

'eight, i 

basis, of the condensable hydrocarbons is nitrogen. \ 



hydrocarbons, and .wherein less than about 1 % by weight, when calculated on an atomic 
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2133. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of th^ condensable hydrocarbons is oxygen. 

5 \ 

2134. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

10 2135. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 ^bAweight to about 30 % by weight of the condensable 
hydrocarbons compriseWy gen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



15 2136. The method of claim 2117, whprein the produced mixture comprises condensable 



20 



hydrocarbons, and wherein 
hydrocarbons are aromatic 



eater/man aljout 20 % by weight of the condensable 
coiWounds. 



2137. The method of clai n 
hydrocarbons, and whereii l 
hydrocarbons comprises niulti 



hydrocarbons, and whereir 



1 Y, wherein the produced mixture comprises condensable 
less th&n about 5 % by weight of the condensable 
-ring aromatics with more than two rings. 



2 1 3 8. The method of clai n 2 1 1 7, wherein the produced mixture comprises condensable 



less than about 0.3 % by weight of the condensable 



25 hydrocarbons are asphaltenes. 



2139. The method of claim 2117, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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2140. TNhe method of claim 2117, wherein the produced mixture comprises a non- 
condensaale component, wherein the non-condensable component comprises hydrogen, 
wherein theyiydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2141. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein greateXthan about 0.05 % by weight of the produced mixture is ammonia. 

2142. The method ofVlaim 2117, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is useduo produce fertilizer. 

2 1 43 . The method of claim 1 1 1 7, further comprising controlling a pressure within at 
least a majority of the selected sectiqp of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2144. The method of clai: 
produce the mixture, wherein 
about 0.5 bar. 



21 W, further comprising controlling formation conditions to 
pakial pressure of H2 within the mixture is greater than 



2145. The method of claim 2 1 44, wherein the partial pressure of H 2 within the mixture 



is measured when the mixtu 



«^is at a pre 



tduction well. 



2 1 46. The method of claim 2117, furtheAcomprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2147. The method of claim 2117, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2148. The method of claim 2117, further comprisir 
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roviding hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within tha section; and 

heating a portion of the section with heat from hydrogenation. 

5 2 1 49. The nWhod of claim 2117, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

10 2150. The method of claim 2117, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



2151. The method of claim/* 1 1 7, wherein allowing the heat to transfer comprises 
15 substantially uniformly increasing a permeability of a majority of the selected section. 



20 



25 



21 52. The method of claim 
than about 60 % by weight 



2 IV 7, furtfler cafnprising controlling the heat to yield greater 
of cohdens^Ms hydrocarbons, as measured by Fischer Assay. 



21] 



2153. The method of clai 
the mixture in a production Well, and \herein at 
the formation for each production well 



erein producing the mixture comprises producing 
about 7 heat sources are disposed in 



1st; 



2154. The method of claim 2y 17, further comprising providing heat from three or more 
heat sources to at least a portiornqf the formation, wherein three or more of the heat 
sources are located in the formation in a unit orgeat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2155. The method of claim 2117, further comprising^providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sourses, wherein the unit of heat 
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)urces comprises a triangular pattern, and wherein a plurality of the units are repeated 
ovV an area of the formation to form a repetitive pattern of units. 

2156. \\ method of treating a coal formation in situ, comprising: 
hating a first section of the formation to produce a mixture from the formation; 

heating a second section of the formation; and 

recirculating a portion of the produced mixture from the first section into the 
second sectionVf the formation to provide a reducing environment within the second 
section of the formation. 

2157. The method o£ clain/ 2156, further comprising maintaining a temperature within 
the first section or the ^ecdfnd section v&ithin a pyrolysis temperature range. 



2158. The method of c 
15 comprises heating with 

2159. The method of c 
comprises heating with 



25 



aihj 2156, whengjji^ieating the first or the second section 
elkctricaLH6ate\ 



in 



aim 21 55, wherein hearing the first or the second section 
surface bVner. 



20 2 1 60. The method of claim 2156, whetein heating the first or the second section 
comprises heating with a flameless distributed combustor. 

2161. The method of claimVl 56, wherein heating the first or the second section 
comprises heating with a naturalclistiibuted conrbustor. 



2162. The method of claim 2156, further comprisinkcontrolling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 



30 
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2 1 63 . Tttie method of claim 2156, further comprising controlling the heat such that an 
average heating rate of the first or the second section is less than about 1 °C per day 
during pyroVsis. 

5 2 1 64. The method of claim 2156, wherein heating the first or the second section 
comprises: 

heating a selected volume (I 7 ) of the coal formation from one or more heat 
sources, wherein tha formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heatina energy/dav provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the /q\iation: 

Pwr = h*V*C v *p}\ 

wherein Pwr is the fteat/ng eAergy/day, h is an average heating rate of the 
formation, p B is formation bir$ dens|y, and wherein the heating rate is less than about 10 
15 °C/day. 

2165. The method of claim/21 5& j*tfhdrein heating the first or the second section 
comprises transferring heat feuWaikially dv conduction. 



20 



2 1 66. The method of claifh 2156, wh\rein heatkg the first or the second section 



comprises heating the first 



or the seconcksection such that a thermal conductivity of at 



least a portion of the first or the second sdfction is greater than about 0.5 W/(m °C). 



2 1 67. The method of claim 2156, wherein t^e produced mixture comprises condensable 
25 hydrocarbons having an AP^gravity of at leasmbout 25°. 

2168. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight td^about 15 % by weight of the 
condensable hydrocarbons are olefins. 

30 
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2 1 69. the method of claim 2156, wherein the produced mixture comprises non- 
condensaale hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensablV hydrocarbons ranges from about 0,001 to about 0.15. 

5 2 1 70. The mathod of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, dhd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the conofensable hydrocarbons is nitrogen. 

2171. The method of claim 2156, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensablahydrocarbons is oxygen. 



2 1 72. The method of claimv 1 56f whdrein the produced mixture comprises condensable 
hydrocarbons, and wherein lesV tlfran abcLt 1 % by weight, when calculated on an atomic 
15 basis, of the condensable hydrocarbons i\§*fffur. 



2 1 73 . The method of claim 2155, wherein the produced mixture comprises condensable 



25 



hydrocarbons, wherein about 5 



sight t\about 30 % by weight of the condensable 



hydrocarbons comprise oxygen rontainin^ compfc^nds, and wherein the oxygen 
20 containing compounds comprise ^phenols 



2 1 74. The method of claim 2156, wherein theVroduced mixture comprises condensable 
hydrocarbons, and wherein gree ter than about 20\o by weight of the condensable 
hydrocarbons are aromatic compounds. 

2175. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weighV>f the condensable 
hydrocarbons comprises multi-ring aromatics with more thifla two rings. 
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2 1 76. Tflie method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2 1 77. The mVthod of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, ^nd wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2178. The methodW claim 2156, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen fis greater than about 10 % by volume of the non-condensable 
component, and whereinythe hydpg^n is less than about 80 % by volume of the non- 
condensable component. 



15 2179. The method of claim SI ^6 
and wherein greater than aboum 



2180. The method of claim 2 1 
and wherein the ammonia is 



use! 



2181. The method of claim 2 1 



, whdrein the produced mixture comprises ammonia, 
05 % av weight of the produced mixture is ammonia. 



36,\^erein\he produced mixture comprises ammonia, 
t</laroduce fertilizer. 



6, further comprising controlling a pressure within at 



least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar Absolute. 



25 2 1 82. The method of claim 2 1 56, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure 0^2 within the mixture is greater than 
about 0.5 bar. 



2183. The method of claim 2182, wherein the partial pressure of H 2 within the mixture 
30 is measured when the mixture is at a production well. 
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2 1 84. Uhe method of claim 2 1 56, further comprising altering a pressure within the 
formatiomto inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 2185. The method of claim 2156, further comprising: 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons w\thin the first or second section; and 

heating a portion of the first or second section with heat from hydrogenation. 

10 2186. The method ©f claim 2156, further comprising: 

producing hywogen a&Acondensable hydrocarbons from the formation; and 
hydrogenating & porfion of the produced condensable hydrocarbons with at least a 
portion of the produced kydlrogem 



15 



20 



25 



2187. The method of claim 2156, wherein heating the first or the second section 
comprises increasing a penmeability\f^inajority of the first or the second section to 
greater than about 100 millid^rcy. 



2188. The method of cla 
comprises substantially 
the second section. 



m 55, whereiirheating the first or the second section 
uniformly increasing a^ermeability of a majority of the first or 



dm; 



2189. The method of claim 2156, furtf^r comprising controlling the heat to yield greater- 
than about 60 % by weight of condensabBf hydrocarbons, as measured by Fischer Assay. 

2 1 90. The method of clain!2 156, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein^t least about 7 heat sources are disposed in 
the formation for each production well. 



30 2191. The method of claim 2156, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wfterein three or more of the heat 
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^purees are located in the formation in a unit of heat sources, and wherein the unit of heat 
soVrces comprises a triangular pattern. 

2192.X The method of claim 2156, further comprising providing heat from three or more 
heat soirees to at least a portion of the formation, wherein three or more of the heat 
sources aft located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area Ctf the formation to form a repetitive pattern of units. 



f=3 



10 2 1 93. A methoovof treating ikcoal formation in situ, comprising: 

providing H^at fror i on^or more heat sources to at least a portion of the 
formation; and 

allowing the he)rt td transfek from the one or more heat sources to a selected 
section of the formation suAh that a permeability of at least a portion of the selected 
15 section increases to greatenthan aboupflOO millidarcy. 



20 



2194. The method of claiml2LB3, wherein tt^e one or more heat sources comprise at 
least two heat sources, and wtferem superpositiofc s of heat from at least the two heat 
sources pyrolyzes at least soijie hydrocarbons within the selected section of the 
formation. 



2195. The method of claim 21V3, further\omprising maintaining a temperature within 
the selected section jyithin a pyrmysis temperature range. . _ ... __ 

25 2196. The method of claim 2193, wherein the oi^e or more heat sources comprise 
electrical heaters. 

2197. The method of claim 2193, wherein the one or r?^pre heat sources comprise 
surface burners. 
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2198. T\he method of claim 2193, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2199. The method of claim 2193, wherein the one or more heat sources comprise natural 
5 distributed combustors. 



10 



2200. The methou of claim 2193, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure.) 



15 



20 



25 



2201 . The method of claim 21 93,vfurther comprising controlling the heat such that an 
average heating rate of the^ejected^ection is less than about 1 °C per day during 
pyrolysis. 



/iding heat from the one or more heat 
^comprises: 

formation from the one or more heat 



2202. The method of clai: 
sources to at least the porti 

heating a selected vblume 
sources, wherein the formation l/as ^ average tib^t capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons Vithin the selected volume of the formation; and 
wherein heating energy/day prowded to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatior 
Pwr = h*V*C v *p B \ 

wherein Pwr is the heating energy/da^ h is an average heating rate of the 
formation, p B is formation bulk density, and wlr^rein the heating rate is less than about 10 
°C/day. 



2203. The method of claim 2193, wherein allowing ^je heat to transfer comprises 
transferring heat substantially by conduction. 
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2204. Ihe method of claim 2193, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of\the selected section is greater than about 0.5 W/(m °C). 

5 2205 . The memod of claim 2193, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at Feast about 25°. 

2206. The method df claim 2193, further comprising producing a mixture from the 
10 formation, wherein tha produced mixture comprises condensable hydrocarbons, and 

wherein about 0.1 % b>\weight^o about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2207. The method of clain\£ 193, further comprising producing a mixture from the 
15 formation, wherein the prodiffced mikture comprises non-condensable hydrocarbons, and 

wherein a molar ratio of ethqne^to etnlane in thg^on^condensable hydrocarbons ranges 
from about 0.001 to about OilS. 1 

2208. The method of claini 2195, Tfurther comprising producing a mixture from the 
20 formation, wherein the produced mixture compris^ condensable hydrocarbons, and 

wherein less than about 1 % by weigh^ when calculated on an atomic basis, of the 
condensable hydrocarbons vs nitrogen. 

2209. The method of claim 2193, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when \alculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2210. The method of claim 2193, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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therein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

22 1 1 . Yhe method of claim 2 1 93, further comprising producing a mixture from the 
formationWherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % b\ weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

10 2212. The methodVf claim 2193, further comprising producing a mixture from the 
formation, wherein th\ produced mixture comprises condensable hydrocarbons, and 
wherein greater than abc^ut 20 % by/\\ight of the condensable hydrocarbons are aromatic 
compounds. 

15 2213. The method of claim 2i 9fe , furtheA comprising producing a mixture from the 
formation, wherein the produced mixture cbmpme^condensable hydrocarbons, and 
wherein less than about 5 % bW weright of ^condensable hydrocarbons comprises multi- 
ring aromatics with more than /two 

20 2214. The method of claim 2193 ,Cfurtfter comprising producing a mixture from the 
formation, wherein the produced mixture\comprises\ondensable hydrocarbons, and 
wherein less than about 0.3 °/|> by weight of\he condensable hydrocarbons are 
asphaltenes. 

25 2215. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprisesVondensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weigh\of the condensable hydrocarbons 
are cycloalkanes. 



30 2216. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-conatensable component, 
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therein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

5 22 1 7. Tlae method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 Vtyy weight of the produced mixture is ammonia. 

22 1 8. The method of claim 2 1 93, further comprising producing a mixture from the 

10 formation, wherein me produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2219. The method of claftn 219i$, further Comprising controlling a pressure within at 
least a majority of the selected ^ection of th^ formation, wherein the controlled pressure 

15 is at least about 2.0 bar absoh 



20 



.2220. The method of claim El 93M\irther corffprising controlling formation conditions to 
produce a mixture from the formation, wtferein \partial pressure of H2 within the mixture 
is greater than about 0.5 bar 



222 1 . The method of clain 
formation, wherein the partial 
mixture is at ^production well 



222®, further comprising producing a mixture from the 
pressure of H2within the mixture is measured when the 



25 2222. The method of claim 2 193, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons froi\the formation having carbon 
numbers greater than about 25. 



2223. The method of claim 2193, further comprising producing a mixture from the 
30 formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 
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2224. 'Kie method of claim 2193, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heatinfe a portion of the section with heat from hydrogenation. 



10 



2225. The metnbd of claim 2193, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



2226. The method of claim 2193, mrther comprising increasing a permeability of a 
majority of the selected" seVtiop to greater than about 5 Darcy. 

15 2227. The method of claim &1 93, wheVein allowing the heat to transfer comprises 
substantially uniformly increksmg a permeabilftjKff a majority of the selected section. 



20 



2228. The method of claim 
than about 60 % by weight o 



2193\fujtfier comprising controlling the heat to yield greater 
condensable hydrocarbons, as measured by Fischer Assay. 



2229. The method of claim El 93, furtner comprising producing a mixture in a 
production well, wherein at le^st about 7\eat sources are disposed in the formation for 
each production well. 

25 2230. The method of claim 2193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation^ wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 223 1 . The method of claim 2 1 93, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, whereii\hree or more of the heat 
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)urces are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over m area of the formation to form a repetitive pattern of units. 



10 



2232. i^nethod of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; anl^ 

allowin&the heat to transfer from the one or more heat sources to a selected 
section of the formation such that a permeability of a majority of at least a portion of the 
selected section increases substantially uniformly. 



15 



2233. The method of claim 2232,\wherein the one or more heat sources comprise at 
least two heat sources, ana whereira superposition of heat from at least the two heat 
sources pyrolyzes at least j/o^ne hydrocarbons within the selected section of the 
formation. 



2234. The method of (/laim 223^ftfrtiter comprising maintaining a temperature within 
the selected section wifhin a pWblyMs temperature range. 



20 2235. The method o 
electrical heaters. 



25 



claim 2232, wherein throne or more heat sources comprise 



2236. The method o^claim 2232, wherein the one or more heat sources comprise 
surface burners. 

2237. The method of claim 2232, wherein the on\or more heat sources comprise 
flameless distributed combustors. 



2238. The method of claim 2232, wherein the one or mo\je heat sources comprise natural 
30 distributed combustors. 
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2239. The method of claim 2232, further comprising controlling a pressure and a 
temperatui^e within at least a majority of the selected section of the formation, wherein 
the pressureVs controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

2240. The metho\d of claim 2232, further comprising controlling the heat such that an 
average heating rat^)f the selected section is less than about 1 °C per day during 
pyrolysis. 



10 



15 



20 



2241 . The method of claim 2232, wherein providing heat from the one or more heat 
sources to at least the porticui of fimnkion comprises: 

heating a selected volVme (V) ot\he coal formation from the one or more heat 
sources, wherein the formatiofMias an av&age heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons withto the selected volume of the formation; and 
wherein heating enetf-gy/da^ pro videc[ to^h€ volume is equal to or less than Pwr, 
wherein Pwr is calculated jpy the eq\atiqj 
Pwr = h*V*C v *p B 

heatjrfg .enerWday, /iVs an average heating rate of the 
bu4 density, ahd wherem the heating rate is less than about 10 



wherein Pwr is th( 
formation, p B is formatior 
°C/day. 



rim^2232, 



2242. The method of claim 2232, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 2243. The method of claim 2232, wherein providing heat from the one or more heat 

sources comprises heating the selected section such tmat a thermal conductivity of at least 
a portion of the selected section is greater than about 0V5 W/(m °C). 

2244. The method of claim 2232, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 
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2245. Tshe method of claim 2232, further comprising producing a mixture from the 
formationWherein the produced mixture comprises condensable hydrocarbons, and 
wherein abo^it 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



10 



2246. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein\he produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar rati(\of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to ab\ut 0.1J 



15 



20 



2247. The method of claiift 2232,\further comprising producing a mixture from the 
formation, wherein the prcfduted mixture comprises condensable hydrocarbons, and 

Vo bAweiglk, when calculated on an atomic basis, of the 
is nitrogen. 



wherein less than about 1 
condensable hydrocarbons 



2248. The method of cla m 2232, flfither comprising producing a mixture from the 
formation, wherein the producecKnixmre comprises condensable hydrocarbons, and 
wherein less than about 1 H WY weight,\vhen calch^ated on an atomic basis, of the 
condensable hydrocarbon^ is oxygen. 



25 



2249. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % byweight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



30 



2250. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen confining compounds comprise 
phenols. 
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225 1 . Hie method of claim 2232, further comprising producing a mixture from the 
formationWherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



10 



15 



2252. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein wie produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with mote than two rings. 



2253. The method of cla? 
formation, wherein the prodi 
wherein less than about 0.3 % 
asphaltenes. 



2B2, further comprising producing a mixture from the 
:edVnixture comprises condensable hydrocarbons, and 
y weight of the condensable hydrocarbons are 



20 



2254. The method of claim 4232, f?mh&r cpflfprising producing a mixture from the 
formation, wherein the produdbd mixm^omprises condensable hydrocarbons, and 
wherein about 5 % by weight tb abom 3a % by^veight of the condensable hydrocarbons 
are cycloalkanes. 



25 



2255. The method of claim 2232\ further comprising producing a mixture from the 
fonnation, wherein, the produced mi^turexompmses a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condVnsable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



2256. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
30 about 0.05 % by -weight of the produced mixture is ammoniaN 
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2257. Ttfie method of claim 2232, further comprising producing a mixture from the 
formation\wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

5 2258. The method of claim 2232, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2 Abar absolute. 

2259. The method oAclaim 2232, fisher comprising controlling formation conditions to 
10 produce a mixture from\he form^fton,\vherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 



15 



2260. The method of claim/2232, furthencomprising producing a mixture from the 
formation, wherein the partial $ressijj?£ of I\2 within the mixture is measured when the 
mixture is at a production well. 



20 



226 1 . The method of cl 
formation to inhibit product: 
numbers greater than 



about 



m 2232, fyrther composing altering a pressure within the 
ion of hydrocarbons frohq^the formation having carbon 
25. 



2262. The method of clg it/ 2232, further Comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



25 2263. The method of claim 2232, further composing: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from^hydrogenation. 



30 2264. The method of claim 2232, further comprising: 

producing hydrogen and condensable hydrocarbon^ from the formation; and 
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kydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2265. The method of claim 2232, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

2266. The method of claim 2232, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2267. The method of claim 2232, further comprising producing a mixture in a 
production well, wherein Vt least a^out 7 heat sources are disposed in the formation for 
each production well. 



15 2268. The method of claim 2&32 5 furtmer comprising providing heat from three or more 
heat sources to at least a portionVf the fopr^tfon, wherein three or more of the heat 
sources are located in the formation ii^u^t of heat sources, and wherein the unit of heat 
sources comprises a triangular parte 

20 2269. The method of claim 2E32, further comprisihg providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattenvand ^herein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 



30 



2270. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; and 

allowing the heat to transfer from the one or m<Ve heat sources to a selected 
section of the formation such that a porosity of a majoritj^of at least a portion of the 
selected section increases substantially uniformly. 
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2271 . The method of claim 2270, wherein the one or more heat sources comprise at 
least two neat sources, and wherein superposition of heat from at least the two heat 
sources pyro^yzes at least some hydrocarbons within the selected section of the 
formation. 

2272. The methcM of claim 2270, further comprising maintaining a temperature within 
the selected sectionWthin a pyrolysis temperature range. 



10 2273. The method of \laim 2270, wherein the one or more heat sources comprise 
electrical heaters. 

2274. The method of clain^270, wherein the one or more heat sources comprise 
surface burners. 



15 



2275. The method of claim 227( 
flameless distributed combustors 



ein the one or more heat sources comprise 



2276. The method of cla/m 2270, wherein tt^e one or more heat sources comprise natural 
20 distributed combustors. 



25 



2277. The method of qiaim 2270, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



30 



2278. The method of claim 2270, further comprisingNcontrolling the heat such that an 
average heating rate of the selected section is less than aljjout 1 °C per day during 
pyrolysis. 
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2279. Tttie method of claim 2270, wherein providing heat from the one or more heat 
sources to)at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein neating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V?C v *p B 

wherein Pwrus the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk ijensity, and wherein the heating rate is less than about 10 
°C/day. 
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2280. The method of cl 
transferring heat substantial! 1 



2270, wherein allowing the heat to transfer comprises 
by conduction. 



2281. The method of claim 22 m), wherein providing heat from the one or more heat 
sources comprises heatind the selected section such that a thermal conductivity of at least 
a portion of the selected sectfon is greater thanaixmt 0.5 W/(m °C). 

2282. The method of claimv2270, furtlter comprising producing a mixture from the 
formation, wherein the produced mixture\omprises condensable hydrocarbons having an 
API gravity of at least about 23^. 



2283. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



2284. The method of claim 2270, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises non-cqndensable hydrocarbons, and 
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/herein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
frdtn about 0.001 to about 0.15. 

2285. NThe method of claim 2270, further comprising producing a mixture from the 
formation! wherein the produced mixture comprises condensable hydrocarbons, and 
wherein leskthan about 1 % by weight, when calculated on an atomic basis, of the 
condensable wdrocarbons is nitrogen. 

2286. The method of claim 2270, further comprising producing a mixture from the 
10 formation, wherein Ihe produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxyge 

2287. The method of claim V27Qf, further comprising producing a mixture from the 
15 formation, wherein the produced pixtur® compri$£S-£ondensable hydrocarbons, and 

wherein less than about 1 % by >fs£ight, w^df calculated on an atomic basis, of the 
condensable hydrocarbons is suf 



2288. The method of claim 2270, further compnsmg producing a mixture from the 



20 formation, wherein the produc 
about 5 % by weight to about 



d mixtureNcomprises condensable hydrocarbons, wherein 
0 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds^ and wherein nje oxygen containing compounds comprise 
phenols. 



25 2289. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



30 2290. The method of claim 2270, further comprising producmg a mixture from the 
formation, wherein the produced mixture comprises condensableJiydrocarbons, and 
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^herein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
rin\ aromatics with more than two rings. 

229 1 . *$he method of claim 2270, further comprising producing a mixture from the 
formationWierein the produced mixture comprises condensable hydrocarbons, and 
wherein les^han about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

2292. The method of claim 2270, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 5 % by N^eight to aboy^30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



15 



20 



2293. The method of claim\227(J, furtheV comprising producing a mixture from the 
formation, wherein the produced miixture apmprises a non-condensable component, 
wherein the non-condensable component c^aprises hydrogen, wherein the hydrogen is 
greater than about 10 % by voliAnk of^e nofi-condensable component, and wherein the 
hydrogen is less than about 80 % bVWolume o^tiie non-condensable component. 

2294. The method of claim 22 70, furthW comprising producing a mixture from the 
formation, wherein the produced mixture Comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2295. The method of claim 2270, further composing producing a mixture from the 
25 formation, wherein the produced mixture comprise\ammonia, and wherein the ammonia 
is used to produce fertilizer. 



30 



2296. The method of claim 2270, further comprising coirtrolling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2297. The method of claim 2270, further comprising controlling formation conditions to 
produce zronixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater tlran about 0.5 bar. 

2298. The memod of claim 2193, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 



10 
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2299. The method oAplaim 2193^further comprising altering a pressure within the 
formation to inhibit production $f hydrocarbons from the formation having carbon 
numbers greater than about 25 J 



2300. The method of claim 
formation and controlling fonhj 
from the mixture into the formati 



93, further comprising producing a mixture from the 
ion conditiqpsi5y recirculating a portion of hydrogen 



230 1 . The method of claim 2 270^uflher comprising: 

providing hydrogen (H^) to the \eated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the Section witlMieat from hydrogenation. 



m^risii 



2302. The method of claim 2270, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced compensable hydrocarbons with at least a 

portion of the produced hydrogen. 



2303. The method of claim 2270, wherein allowing the teat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



30 
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2304. TQie method of claim 2270, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2305. The method of claim 2270, further comprising controlling the heat to yield greater 
5 than about 60 ^\by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



15 



2306. The methocmf claim 2270, further comprising producing a mixture in a 
production well, and ^herein at least about 7 heat sources are disposed in the formation 
for each production 



wef 



2307. The method of claiA 2270, 
heat sources to at least a port? 
sources are located in the form 
sources comprises a triangular 



rtfter comprising providing heat from three or more 
of the fonnation, wherein three or more of the heat 

in a un\of heat sources, and wherein the unit of heat 
rn. 



20 



2308. The method of claim 2270, jfukher compriSmg^roviding heat from three or more 
heat sources to at least a portion of the formation; wlWein three or more of the heat 
sources are located in the formation tin a ufcij/of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, andl therein a pluraHty of the units are repeated 
over an area of the formation to formia repetitWe pattern of ur 



2309. A method of treating a coal formation in siV, comprising: 

providing heat from one or more T^at source\to at least a portion of the 
formation; 

25 allowing the heat to transfer from the one or mor^heat sources to a selected 

section of the formation; and 

controlling the heat to yield at least about 15 % by w&ght of a total organic 
carbon content of at least some of the coal formation into condensable hydrocarbons. 



30 23 10. The method of claim 2309, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at leas|t the two heat 
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purees pyrolyzes at least some hydrocarbons within the selected section of the 
lation. 

231 1 AThe method of claim 2309, further comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 

23 12. The method of claim 2309, wherein the one or more heat sources comprise 
electrical heate? 

10 23 1 3 . The methoc^of claim 2309, wherein the one or more heat sources comprise 
surface burners. 



15 



23 14. The method of claim 3309, wherein the one or more heat sources comprise 
flameless distributed combuslors. 

23 1 5. The method of claim 23(fy, wherein ^e^fle or more heat sources comprise natural 
distributed combustors. 



23 16. The method of claim 2S09, fifirtner comprising, controlling a pressure and a 
20 temperature within at least a majority of me selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

23 17. The method of claim 2309, tyrther comprising controlling the heat such that an 
25 average heating rate of the selected section is less tha^ about 1 °C per day during 

pyrolysis. 



23 1 8. The method of claim 2309, wherein providing heat h$m the one or more heat 
sources to at least the portion of formation comprises: 
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aeating a selected volume (V) of the coal formation from the one or more heat 
sources, wierein the formation has an average heat capacity (C v ) 5 and wherein the heating 
pyrolyzes aV least some hydrocarbons within the selected volume of the formation; and 
whereVi heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is^alculated by the equation: 
Pwr = hW*C v *p B 

wherein Pw- is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

23 19. The method of clXim 2309C vJherein allowing the heat to transfer comprises 
transferring heat substantially h£ conduction. 



15 



20 



2320. The method of claim 
sources comprises heating th< 
a portion of the selected section 



2321. The method of claim 
formation, wherein the produced 
API gravity of at least about 



09, wherein providing heat from the one or more heat 
sheeted section such that a thermal conductivity of at least 
i;\greater f^jrSBout 0.5 W/(m °C). 



2309, f}i(ther comprising producing a mixture from the 

ixtike comprises condensable hydrocarbons having an 



2322. The method of claim a509, further comprising producing a mixture from the 
formation,, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight t\about 15 % b\ weight of the condensable hydrocarbons 
25 are olefins. \ 



30 



2323. The method of claim 2309, further comprisin^roducing a mixture from the 
formation, wherein the produced mixture comprises nontcondensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 
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2324. Ihe method of claim 2309, further comprising producing a mixture from the 
formation^ wherein the produced mixture comprises condensable hydrocarbons, and 
wherein leste than about 1 % by weight, when calculated on an atomic basis, of the 
condensable Hydrocarbons is nitrogen. 
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2325. The metMod of claim 2309, further comprising producing a mixture from the 
formation, whereiA the produced mixture comprises condensable hydrocarbons, and 
wherein less than aobut 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocanDons is oxygen. 

2326. The method of claim 23*09, rarther comprising producing a mixture from the 
formation, wherein the produced mixtVe comprises condensable hydrocarbons, and 
wherein less than about 1 % BV weight,Yvhen calculated on an atomic basis, of the 
condensable hydrocarbons is si^tur. 



2309, 



er 



2327. The method of cl 
formation, wherein the produced, 
about 5 % by weight to ibout/0 % by ^ei 
oxygen containing compoun 
phenols. 



nxrure 



and when 



prising producing a mixture from the 
comftfises condensable hydrocarbons, wherein 
condensable hydrocarbons comprise 
;en containing compounds comprise 



25 



2328. The method of clarqi^2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



30 



2329. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 
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2330. The method of claim 2309, further comprising producing a mixture from the 
formation^ wherein the produced mixture comprises condensable hydrocarbons, and 
wherein le& than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

233 1 . The method of claim 2309, further comprising producing a mixture from the 
formation, whereinVhe produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % b\ weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2332. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixtfufe comprises a non-condensable component, 
wherein the non-condensable rompofienucomprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume fof theVion-condensable component, and wherein the 

15 hydrogen is less than about 80 % HV volume of the non-condensable component. 

2333. The method of claim 230$, funsher comprising producing a mixture from the 
formation, wherein the producecU mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture isyammonia. 



2334. The method of claim 23(D9, further comprising producing a mixture from the 
formation, wherein the producea\mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. — 



25 2335. The method of claim 2309, further comprising Controlling a pressure within at 
least a majority of the selected section of the formation, ^herein the controlled pressure 
is at least about 2.0 bar absolute. 

2336. The method of claim 2309, further comprising controlling formation conditions to 
30 produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 
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2337. The method of claim 2309, further comprising producing a mixture from the 
formation,Wierein the partial pressure of H2 within the mixture is measured when the 
mixture is at\a production well. 

5 \ 

2338. The method of claim 2309, further comprising altering a pressure within the 
formation to inhibitVroduction of hydrocarbons from the formation having carbon 
numbers greater than \bout 25. 

10 2339. The method of claim 2309, further comprising producing a mixture from the 
formation and controlling fWnationyc^nditions by recirculating a portion of hydrogen 
from the mixture into the formatior 

2340. The method of claim 2309U furtherVomprising: 
15 providing hydrogen (H 2 ) tp^he heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sdction Vith h^Tfrom hydrogenation. 



20 



2341 . The method of claim 2309, further comprisi 



producing hydrogen and 
hydrogenating a portion 
portion of the produced hydrogen^ 



condensable Iwdrocarbhns from the formation; and 
f the produced\ondensable hydrocarbons with at least a 



2342. The method of claim 2309, vmerein allowing tnfe heat to transfer comprises 
25 increasing a permeability of a majority of the selected section to greater than about 1 00 

millidarcy. 

2343. The method of claim 2309, wherein allowing the heat tcMransfer comprises 
substantially uniformly increasing a permeability of a majority onthe selected section. 



30 
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2344. The method of claim 2309, wherein the heating is controlled to yield greater than 
about 60 °X by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2345. The mfethod of claim 2309, further comprising producing a mixture in a 
production wellY and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 



10 



2346. The method o^elaim 2309, further comprising providing heat from three or more 
heat sources to at least portion of the formation, wherein three or more of the heat 
sources are located in the formation in $ unit of heat sources, and wherein the unit of heat 
sources comprises a triangumr patter 



2347. The method of claim 230l9, lurtheAcomprising providing heat from three or more 
heat sources to at least a portion bfl the formation, wherein three or more of the heat 
15 sources are located in the formatiqnNin a unAof heat sources, wherein the unit of heat 
sources comprises a triangular pafternV and wnerein aplurality of the units are repeated 
over an area of the formation to norm a repetiti^rCpattern of units. 



2348. A method of treating a c )al fo^fnatidk in situ, corhppsing: 
20 providing heat from one/ or more heat sources to at least a portion of the 

formation; 

allowing the heat to trari^fer from the one c^more heat sources to a selected 
section of the formation; and _ 

controlling the heat to yieftkgreater than about \0 % by weight of condensable 
25 hydrocarbons, as measured by Fischer Assay. 



30 



2349. The method of claim 2348, wherein the one or more nteat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected s^tion of the 
formation. 
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2350. The method of claim 2348, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

235 1 . The method of claim 2348, wherein the one or more heat sources comprise 
5 electrical heaters. 

2352. The method of claim 2348, wherein the one or more heat sources comprise 
surface burners. 

10 2353. The method oftlaim 2348, wherein the one or more heat sources comprise 
flameless distributed combustors. 



15 



20 



2354. The method of clair 
distributed combustors. 



lerein the one or more heat sources comprise natural 



furtf 



2355. The method of clainij 
temperature within at least q[majo\ity of ft 
the pressure is controlled 
a function of pressure. 



l functi 



comprising controlling a pressure and a 

section of the formation, wherein 
iperature, or the temperature is controlled as 



2356. The method of claftn 2348, furthVr comprising controlling the heat such that an 
average heating rate of th<| selected sections less than about 1 °C per day during 
pyrolysis. . _ . 



25 
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2357. The method of claim 2348, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selectedWolume of the formation; and 

wherein heating energy/day provided to the volumdis equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
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\wr = h*V*C v *p B 

aerein Pwr is the heating energy/day, h is an average heating rate of the 
formation,)^ is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 

2358. The method of claim 2348, wherein allowing the heat to transfer comprises 
transferring heaasubstantially by conduction. 

2359. The method of claim 2348, wherein providing heat from the one or more heat 

10 sources comprises treating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2360. The method of claim^2348, further comprising producing a mixture from the 
formation, wherein the premuced mixture comprises condensable hydrocarbons having an 

1 5 API gravity of at least abdUt 25°. 

2361 . The method of claim 2B48, further comprising producing a mixture from the 
formation, wherein the pjroduceM mixtWe^tfmprises condensable hydrocarbons, and 
wherein about 0.1 % by Leight ta^5ouf\^5 % by weight of the condensable hydrocarbons 

20 are olefins. ^ 

2362. The method of claim 2348, fuJ^her comprising producing a mixture from the 
formation, wherein the. produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethana^in the non-condensable hydrocarbons ranges 

25 from about 0.001 to about 0.15. \ 

2363. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

30 condensable hydrocarbons is nitrogen. 
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2364. The method of claim 2348, further comprising producing a mixture from the 
formatioHL wherein the produced mixture comprises condensable hydrocarbons, and 
wherein le\s than about 1 % by weight, when calculated on an atomic basis, of the 
condensableAhydrocarbons is oxygen. 



10 
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2365. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than afeput 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2366. The method of craim 23/8, Either comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to aboW 30 % by Weight of the condensable hydrocarbons comprise 
oxygen containing compouijd^, and wherein the oxygen containing compounds comprise 
phenols. 



20 



2367. The method of claijn 
formation, wherein the prdduced 
wherein greater than abou 
compounds. 



2348\ further d$vxfnsing producing a mixture from the 
mlljctiy?^comWises condensable hydrocarbons, and 
20 % b^Aeight of theVcondensable hydrocarbons are aromatic 



2368. The method of claik 2348, further \omprising producing a mixture from the 
. formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
25 ring aromatics with more than two rings. 



30 



2369. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 
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2370. Tttie method of claim 2348, further comprising producing a mixture from the 
formationVwherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkaWs. 



10 



2371. The metnpd of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 1(1% by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 
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2372. The method of craim 2148, farther comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of me produced mixture is ammonia. 

2373. The method of claim 2348, fm#fl£r comprising producing a mixture from the 
formation, wherein the projiucec^mxture comprises ammonia, and wherein the ammonia 
is used to produce fertilize r 

2374. The method of clai n 2348, rarther comprising controlling a pressure within at 
least a majority of the selected sectioi^pf the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



2375. The method of claim 2348, further comprising controlling formation conditions to 
25 produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 



30 



2376. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 withii\the mixture is measured when the 
mixture is at a production well. 
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2377. The method of claim 2348, further comprising altering a pressure within the 
formationVo inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 2378. The melhod of claim 2348, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 
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2379. The method onclaim 2348, further comprising: 
10 providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of Ihe section &ith heat from hydrogenation. 

2380. The method of claim 23*18, further comprising: 
15 producing hydrogen andicbndensable hydrocarbons from the formation; and 

hydrogenating a portion/of rlje produced conjlefisable hydrocarbons with at least a 
portion of the produced hydrogen. 

238 1 . The method of claim 2B48, Wherein allowingHhe heat to transfer comprises 
20 increasing a permeability of a| majority of th^e selected session to greater than about 100 

millidarcy. 



25 



2382. The method of claim 2548, wherein allotting the heat to transfer comprises 
substantially uniformly increasing, a permeability of a majority of the selected section. 



2383. The method of claim 2348, further comprising Voducing a mixture in a 
production well, and wherein at least about 7 heat source\are disposed in the formation 
for each production well. 

30 2384. The method of claim 2348, further comprising providinjMieat from three or more 
heat sources to at least a portion of the formation, wherein three omnore of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2385\ The method of claim 2348, further comprising providing heat from three or more 
heat soVces to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an areaNpf the formation to form a repetitive pattern of units. 



10 



O 
s 
CO 

=p 
y 

s 

o 

4= 

ru 

J= 
a 



15 



20 



2386. A method of treating a coal formation in situ, comprising: 

heating a rurst section of the formation to pyrolyze at least some hydrocarbons in 
the first section ancraroduce a first mixture from the formation; 

heating a second sectioryoVthe formation to pyrolyze at least some hydrocarbons 
in the second section anrf produce a second mixture from the formation; and 

leaving an unpynMyz^a sect\on between the first section and the second section to 
inhibit subsidence of the formation. 

2387. The method of claim 23£6, fupdler comprising maintaining a temperature within 
the first section or the second section whhin a pyrolysis temperature range. 

2388. The method of cla: m 2386, wherein heating the first section or heating the second 
section comprises heating ^yith an electrical heater. 



2389. The method of claim 2386, whereiV heating the first section or heating the second 
25 section comprises heating with a surface burner. 

2390. The method of claim 2386, wherein heatmg the first section or heating the second 
section comprises heating with a flameless distributed combustor. 

30 2391 . The method of claim 2386, wherein heating thetfirst section or heating the second 
section comprises heating with a natural distributed comVistor. 
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2392. Xhe method of claim 2386, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein thepressure is controlled as a function of temperature, or the temperature is 
controlled as ^function of pressure. 

2393. The methoa of claim 2386, further comprising controlling the heat such that an 
average heating rate\pf the first or second section is less than about 1 °C per day during 
pyrolysis. 



2386, wherein heating the first section or heating the second 



2394. The method of 
section comprises: 

heating a selected vol 
sources, wherein the formatio 
pyrolyzes at least some hydr 

wherein heating enerj 
wherein Pwr is calculated b 

Pwr = h*V*C v *p B 

wherein Pwr is the 
formation, p B is formation tyujjk density 
°C/day. 



V) of the coal formation from one or more heat 

average heat capacity (C v ) 5 and wherein the heating 
(jvithin the selected volume of the formation; and 
olume is equal to or less than Pwr, 

.atiof 

energy/day^ is an average heating rate of the 

whe\in the heating rate is less than about 10 



2395. The method of claim\23 86, wherein heating the first section or heating the second 

2396. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section, respectively, is greyer than about 0.5 W/(m °C). 



s^er 



2397. The method of claim 2386, wherein the first or secon^ mixture comprises 
condensable hydrocarbons having an API gravity of at least aobut 25°. 
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2398. The method of claim 2386, wherein the first or second mixture comprises 
condensate hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

2399. The method of claim 2386, wherein the first or second mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

10 2400. The method onclaim 2386, wherein the first or second mixture comprises 

condensable hydrocarbons, ancf wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the\onHensaple hydrocarbons is nitrogen. 

2401 . The method of claim 2686, wherein the fir^t^df second mixture comprises 

15 condensable hydrocarbons J and Vherein k^fhan about 1 % by weight, when calculated 
on an atomic basis, of the aonden^bj^nydrocarbons is oxygen. 

2402. The method of cla m 2386, wkerein tn^first or second mixture comprises 
condensable hydrocarbons, and whereifi less than about 1 % by weight, when calculated 

20 on an atomic basis, of the condensable hydrocarbons is sulfur. 

2403. The method of claim 2386, wherein tke first or second mixture comprises 
condensable hydrocarbons, wherein about 5 /W>y weight to about 30 % by weight.of the . 
condensable hydrocarbons comprise oxygen combining compounds, and wherein the 

25 oxygen containing compounds comprise phenols. \ 

2404. The method of claim 2386, wherein the first or^econd mixture comprises 
condensable hydrocarbons, and wherein greater than aboot 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. \ 
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2405. Tftie method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

2406. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the ' 
condensable hydrocarbons are asphaltenes. 

2407. The method of Maim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and whenfefln about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are c/cl<klkanes. 

2408. The method of claim 2fe8o, wherem the firs^pr second mixture comprises a non- 
condensable component, and wfterein the njwt^condensable component comprises 
hydrogen, and wherein the hydrDgep^greater than about 10 % by volume of the non- 
condensable component and wMreiia the hydrogen is less than about 80 % by volume of 
the non-condensable component. \ \ 

2409. The method of claim 2386, wherem the first or second mixture comprises 
ammonia, and wherein greaten than about oY)5 % by weight of the first or second mixture 
is ammonia. \ \ 

2410. . The method of claim 2386, wherein the fiftst or second mixture comprises 
ammonia, and wherein the ammonia is used to procmce fertilizer. 

241 1 . The method of claim 2386, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. \ 
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2412. 'Hie method of claim 2386, further comprising controlling formation conditions to 
produce tfte first or second mixture, wherein a partial pressure of H 2 within the first or 
second mixmre is greater than about 0.5 bar. 

2413. The memod of claim 2386, wherein a partial pressure of H 2 within the first or 
second mixture i^neasured when the first or second mixture is at a production well. 

2414. The method M claim 2386, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than aobut 25. 

2415. The method of claim 23 86,Vurther comprising controlling formation conditions 
by recirculating a portion df Hydrogen from the first or second mixture into the formation. 

24 1 6. The method of claiAi 23 8(6, furtlWje<Jmprising: 

providing hydrogen! (H 2 ) td^d^Tirkor second section to hydrogenate 
hydrocarbons within the first or second sectiW respectively; and 

heating a portion of thqr first oXsecond section, respectively, with heat from 
hydrogenation. * * ^ 

24 1 7. The method of claim 2*§6, further comprising: 
producing hydrogen and condensableNhydrocarbons from the formation; and 
hydrogenating a portion of the producea^condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2418. The method of claim 2386, wherein heating tne first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about 100 millidarcy. 
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2419. The method of claim 2386, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or secotad section, respectively. 

5 2420. The method of claim 2386, further comprising controlling heating of the first or 
second section to Yield greater than about 60 % by weight of condensable hydrocarbons, 
as measured by Fisoher Assay, from the first or second section, respectively. 

2421. The method ofVlaim 2386, wherein producing the first or second mixture 

10 comprises producing thAfirst or second mixture in a production well, and wherein at least 
about 7 heat sources are disposed ii/fahe formation for each production well. 

2422. The method of claim 2386, further comprising providing heat from three or more 
heat sources to at least a portion/of the rormation, wherein three or more of the heat 

15 sources are located in the formitiVn in a upit of heat sources, and wherein the unit of heat 
sources comprises a triangulanpattc 

2423. The method of claim G386yfurmer comprising providing heat from three or more 
heat sources to at least a poirioiyof the formation, wherein three or more of the heat 

20 sources are located in the formation in a uiait of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2424. A method of treating a coal formation in situ, comprising: 
25 providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or m^re heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through ofte or more production wells, 
30 wherein the heating is controlled such that the mixture can be produced from the 
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Drmation as a vapor, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 

2425. Vhe method of claim 2424, wherein the one or more heat sources comprise at 
5 least two\eat sources, and wherein superposition of heat from at least the two heat 

sources pyn^lyzes at least some hydrocarbons within the selected section of the 
formation. 

2426. The method of claim 2424, further comprising maintaining a temperature within 
10 the selected sectioiWithin a pyrolysis temperature range. 

2427. The method of\laim 2424, wherein the one or more heat sources comprise 
electrical heaters. 



1 5 2428. The method of claim)g424,\vherein the one or more heat sources comprise 
surface burners. 



20 



25 



2429. The method of clain 
flameless distributed combi sto 



2430. The method of clain 



2424 Vvhetein the one or more heat sources comprise 



2424, wherW the one or more heat sources comprise natural 



distributed combustors. 



243 1 . The method of claim 2424, further conWising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2432. The method of claim 2424, further comprising coWolling the heat such that an 
30 average heating rate of the selected section is less than abor^ 1 °C per day during 
pyrolysis. 
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2433. The method of claim 2424, wherein providing heat from the one or more heat 
sources toVt least the portion of formation comprises: 

heatmg a selected volume (V) of the coal formation from the one or more heat 
5 sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

10 wherein Pwr is me heating energy/day, h is an average heating rate of the 

formation, p B is formatioi\bulk der^jty, and wherein the heating rate is less than about 10 
°C/day. 

2434. The method of claim 24^4, wh&rehyallowing the heat to transfer comprises 
1 5 transferring heat substantially roAcondjaction. 

2435. The method of claim/2424, wherem providing heat from the one or more heat 
sources comprises heating tne selected sectioiwuch that a thermal conductivity of at least 
a portion of the selected section is greatVr than about 0.5 W/(m °C). 



20 



2436. The method of claijp 2424, wherein \hz produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2437. The method of claim 2424, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein about 0. 1 % by weight 0} about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



30 



2438. The method of claim 2424, wherein the producedYnixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of etmene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about\).15. 
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2439. The method of claim 2424 ? wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of thk condensable hydrocarbons is nitrogen. 

5 2440. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2441 . The method oiNclaim 2424, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wheradn less thAn about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

2442. The method of claim 24£4, wherein th^roduced mixture comprises condensable 



ffi hydrocarbons, wherein about 5/Yo by wejgfm to about 30 % by weight of the condensable 

y[ 15 hydrocarbons comprise oxygen copjafmng compounds, and wherein the oxygen 
+: containing compounds comprise ifflfenols. 

a 
ly 

L 2443. The method of claim/2424,, wherein the produced mixture comprises condensable 

*F hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

ru F 

^ 20 hydrocarbons are aromatic qompounds. 

□ 

2444. The method of claim 2424, wherein tnfe produced mixture comprises condensable 
- hydrocarbons, and wherein less than about 5 ■■% w-weight of the condensable 
hydrocarbons comprises multi-ring aromatics wit\ more than two rings. 



25 



2445. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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2446. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensabffc hydrocarbons are cycloalkanes. 
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2447. The merhod of claim 2424, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable componer 

2448. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.13 V/o by weight of the produced mixture is ammonia. 



2449. The method of claim 24: 
15 and wherein the ammonia is usee 



, wherein the produced mixture comprises ammonia, 
produpe fertilizer. 



ther cc 



2450. The method of claim 242ft, 
least a majority of the selected sefction d^fhe 
is at least about 2.0 bar absolute. 



fprising controlling a pressure within at 
lation, wherein the controlled pressure 



245 1 . The method of claim 2424\ further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure^of H2 within the mixture is greater than 
about 0.5 bar. . . 



25 2452. The method of claim 2452, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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2453. The method of claim 2424, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



565 



Conley, Rose & Tayon, PC. 



2454. The method of claim 2424, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2455. The method of claim 2424, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section: and 

heating a p®rtion of the section with heat from hydrogenation. 
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2456. The method orclaim 2424, further comprising: 
10 producing hydrrfjgen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2457. The method of claim 24fe4, wheflein allowing the heat to transfer comprises 
15 increasing a permeability of a riy^ority olf thp^elected section to greater than about 100 

millidarcy. 

2458. The method of claim 2424/wnbrein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

20 

2459. The method of claim 2424, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocaifoons, as measured by Fischer Assay. 

2460. The method of claim 2424, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat spurces, and wherein the unit of heat 
sources comprises a triangular pattern. 



2461 . The method of claim 2424, further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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Sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
ovV an area of the formation to form a repetitive pattern of units. 



10 



2462. \ method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation, wherein the one or more heat sources are disposed within one or more first 
wells; 

allowing !he heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through one or more second wells, 
wherein one or more ortfie first pv second wells are initially used for a first purpose and 
are then used for one or more oaher purposes. 



2463. The method of claim 0W62, wharein the first purpose comprises removing water 
15 from the formation, and wh^rem the second purpose comprises providing heat to the 



20 



formation. 

2464. The method of claiii 
from the formation, and wflie: 



24f#, ^herein foe first purpose comprises removing water 
:in the second purpose comprises producing the mixture. 



2465. The method of claim 2462, wherem the first purpose comprises heating, and 
wherein the second purposacomprises removing water from the formation. 



- 2466: The method of claim :2462^ wherein the first ^ purpose comprises prbducing the " 
25 mixture, and wherein the second purpose comprises removing water from the formation. 

2467. The method of claim 2462, wherein the one omnore heat sources comprise 
electrical heaters. 

30 2468. The method of claim 2462, wherein the one or more Taeat sources comprise 
surface burners. 
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2469. TShe method of claim 2462, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2470. The method of claim 2462, wherein the one or more heat sources comprise natural 
5 distributed comrktstors. 
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247 1 . The method\pf claim 2462, further comprising controlling a pressure and a 
temperature within arUeast a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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2472. The method of clain^462, further comprising controlling the heat such that an 
average heating rate of the selected sectiofy is less than about 1.0 0 C per day during 
pyrolysis. 

2473. The method of claim 1462, wherein providing heat from the one or more heat 



sources to at least the portion 
heating a selected vol 



'the rarmation\omprises: 

le (V) of the coalYormation from the one or more heat 
sources, wherein the formatiofa has an average hea\capacity (C v )> and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provide\to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the eqhation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h i\ an average heating rate of the 
formation, p B is formation bulk density, and wherei\the heating rate is less than about 10 
°C/day. 
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2474. The method of claim 2462, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/$n °C). 
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2475. Tfae method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbbns having an API gravity of at least about 25°. 

2476. The mMhod of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, akd wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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2477. The method o£ claim 2462, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherem a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from About 0.001 to about 0.15. 
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2478. The method of claim\2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about \ % hy^weight, when calculated on an atomic 
basis, of the condensable hydro Wlfons is nitfogen. 

2479. The method of claim 2462(ivherein the produced mixture comprises condensable 
hydrocarbons, and wherein less trfan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons ft oxygen. 

2480. The method of claim 2462, wherein t\e produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 °Aby weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



248 1 . The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about k) % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, s^nd wherein the oxygen 
containing compounds comprise phenols. 



2482. The method of claim 2462, wherein the produced mixrure comprises condensable 
30 hydrocarbons, and wherein greater than about 20 % by weight o{ the condensable 
hydrocarbons are aromatic compounds. 
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2483. "Hie method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2484. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons areVsphaltenes. 

2485. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cydlralkanes. 

2486. The method of claiim2462, wherein the produced mixture comprises a non- 
condensable component, wherein the rW-tjpndensable component comprises hydrogen, 
wherein the hydrogen is greatenthan akSmit 10 % by volume of the non-condensable 
component, and wherein the hyflWen isMess than about 80 % by volume of the non- 
condensable component. / ' \ \ 

2487. The method of claim £462, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % b\ weight of the produced mixture is ammonia. 

2488. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2489. The method of claim 2462, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. \ 
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2490. The method of claim 2462, further comprising controlling formation conditions to 
produce ^mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

5 2491 . The memod of claim 2490, wherein the partial pressure of H2 is measured when 
the mixture is at \ production well. 

2492. The method ©f claim 2462, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
10 numbers greater than aftout 25. 
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2493. The method of claim 2462yfurther comprising controlling formation conditions, 
wherein controlling formati&n conditions comprises recirculating a portion of hydrogen 
from the mixture into the format/on. 

2494. The method of claim 24oY,y*urtmer comprising: 
providing hydrogen (f/2)^ the Heated section to hydrogenate hydrocarbons 

within the section; and 



heating a portion of t 



e section with neat from hydrogenation. 



2495. The method of claim 1^462, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons w\th at least a portion of the produced hydrogen. 



25 2496. The method of claim 2462, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



2497. The method of claim 2462, wherein allowing the heat to transfer comprises 
30 substantially uniformly increasing a permeability of ^majority of the selected section. 
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2498. Ihe method of claim 2462, further comprising controlling the heat to yield greater 
than abou\ 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2499. The method of claim 2462, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation fo\ each production well. 



10 



2500. The methodW claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



CD 

•P 

H 

J= 
Hjy 
W 

s. 

o 

ru 
4= 

Q 



2501. The method of clahA 2462, furttteAcomprising providing heat from three or more 
heat sources to at least a portfbn of thJformation, wherein three or more of the heat 

15 sources are located in the formation i|i a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pktenh, and \Wrein a plurality of the units are repeated 
over an area of the formation to fomi a r^eti^ve pattern of units. 

2502. A method for forming heate/ ^ells in a co^L formation, comprising: 
20 forming a first wellbore in the fobnation; 

forming a second wellbote in the formation using magnetic tracking such that the 
second wellbore is arranged substantially parallel to the first wellbore; and 

providing at least one heating mechariism within the first wellbore and at least one 
heating mechanism within the second wellbonWch that the heating mechanisms can 
25 provide heat to at least a portion of the formatior 



30 



2503. The method of claim 2502, wherein superposition of heat from the at least one 
heating mechanism within the first wellbore and the aWeast one heating mechanism 
within the second wellbore pyrolyzes at least some hyd^carbons within a selected 
section of the formation. 
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2504. The method of claim 2502, further comprising maintaining a temperature within a 
selected Section within a pyrolysis temperature range. 

2505. The n^ethod of claim 2502, wherein the heating mechanisms comprise electrical 
5 heaters. 

2506. The method of claim 2502, wherein the heating mechanisms comprise surface 
burners. 

10 2507. The method oft claim 2502, wherein the heating mechanisms comprise flameless 
distributed combustorsX 
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2508. The method of clai)p^502, yvherein the heating mechanisms comprise natural 
distributed combustors. 

2509. The method of claim 2502, fumjafer comprising controlling a pressure and a 
temperature within at least a ma\ori# df a selected section of the formation, wherein the 
pressure is controlled as /a functi^j of temperature, or the temperature is controlled as a 
function of pressure. 

2510. The method of claim 2502, further comprising controlling the heat from the 
heating mechanisms such that heat transferred from the heating mechanisms to at least 
. theportion of the hydrocarbonsis less thafcuabout 1 °C per day during pyrolysis. 



25 25 1 1 . The method of claim 2502, further comprising: 

heating a selected volume (V) of the coal formation from the heating mechanisms, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
30 wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 
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therein Pwr is the heating energy/day, h is an average heating rate of the 
formation^ is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

5 2512. The method of claim 2502, further comprising allowing the heat to transfer from 
the heating mechanisms to at least the portion of the formation substantially by 
conduction. 

2513. The method oY claim 2502, further comprising providing heat from the heating 
10 mechanisms to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the fomiation is greater than about 0.5 W/(m °C). 
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2514. The method of claim \502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°: 

25 15. The method of claim 3502/ fVther Comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 

to aboutV 5 % by weight of the condensable hydrocarbons 



wherein about 0.1 % by weig] 
are olefins. 



25 16. The method of claim 2502, further comprising producing a mixture from the 
- _ - formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 

wherein a molar ratio of ethene to ethane in the neyi-condensable hydrocarbons ranges 
25 from about 0.001 to about 0.15. 



30 



25 1 7. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated oiram atomic basis, of the 
condensable hydrocarbons is nitrogen. 
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2518. The method of claim 2502, further comprising producing a mixture from the 
formation^ wherein the produced mixture comprises condensable hydrocarbons, and 
wherein leas than about 1 % by weight, when calculated on an atomic basis, of the 
condensableMiydrocarbons is oxygen. 

2519. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less thanvibout 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2520. The method oK claim 2502, nirther comprising producing a mixture from the 
formation, wherein the produced mimire comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % bAjy6ght of the condensable hydrocarbons comprise 
oxygen containing compqqjids, anj^h^rein the oxygen containing compounds comprise 

15 phenols. 

2521 . The method of claML25w2, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about\|0 % b\ weight of the condensable hydrocarbons are aromatic 

20 compounds. 

2522. The method of claim 2502, former comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight o^he condensable hydrocarbons comprises multi- 

25 ring aromatics with more than two rings. 

2523. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture composes condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 

30 asphaltenes. 
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2524. The method of claim 2502, further comprising producing a mixture from the 
formation^ wherein the produced mixture comprises condensable hydrocarbons, and 
wherein abW 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



10 



2525. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 Yo by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 
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15 



20 



2526. The method of claim 2302, further comprising producing a mixture from the 
formation, wherein the prodA/ed mixtute comprises ammonia, and wherein greater than 
about 0.05 % by weight/of thje Voduced mixture is ammonia. 



2527. The method of clafl 
formation, wherein the pro< 
is used to produce fertilizer. 



2502,\$C&ther comprising producing a mixture from the 
iced Ai^ture compHses ammonia, and wherein the ammonia 



2528. The method of claim iS02, further Vmprising controlling a pressure within at 
least a majority of a selected s^tion of the fo^jnation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 



2529. The method of claim 2528, wherein the parrel pressure of H2 within the mixture 
25 is greater than about 0.5 bar. 

2530. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mi^ure is measured when the 
mixture is at a production well. 



30 
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253 1 . The method of claim 2502, further comprising altering a pressure within the 
formationVo inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 2532. The method of claim 2502, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2533. The method oiNclaim 2502, further comprising: 
10 providing hydrogen (H2) to the portion to hydrogenate hydrocarbons within the 

formation; and 

heating a portion of ^ie formation with heat from hydrogenation. 

2534. The method of claim|2SQ2, \urther compnsing: 
15 producing hydrogen ind Condensable hydrocarbons from the formation; and 

hydrogenating a portion of\jip^oduced condensable hydrocarbons with at least a 
portion of the produced hydrdgeny 

2535. The method of claim 2502, further comprising allowing heat to transfer from the 
20 heating mechanisms to a selected section of the formation to pyrolyze at least some 

hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2536. The method of claim 2502, further comprising allowing heat to transfer from the 
25 heating mechanisms to a selected section of the formation to pyrolyze at least some 

hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 



2537. The method of claim 2502, further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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2538. The method of claim 2502, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

2539. The method of claim 2502, further comprising forming a production well in the 
formation using magnetic tracking such that the production well is substantially parallel 
to the first wellbok and coupling a wellhead to the third wellbore. 

2540. The method of claim 2502 Afurther comprising providing heat from three or more 
heat sources to at least V portion of me formation, wherein three or more of the heat 
sources are located in that formation un a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 



1°: 



254 1 . The method of clafai 
heat sources to at least a 
sources are located in thi 
sources comprises a tri 
over an area of the fonrf 



5Q2Tfu4l:her comprising providing heat from three or more 
xm of thevformation, wherein three or more of the heat 
formation in a unit of heat sources, wherein the unit of heat 
jular pattern, and wherein a plurality of the units are repeated 
jpn to fomi a repetitive pattern of units. 



2542. A method for installing a heater well into a coal formation, comprising: 
forming a bore in the ground usina a steerable motor and an accelerometer; and 
providing a heating mechanism witmn the bore such that the heating mechanism 

can transfer heat to at least a portion of theVormation. _ . - - - 

2543. The method of claim 2542, further comprising installing at least two heater wells, 
and wherein superposition of heat from at least the two heater wells pyrolyzes at least 
some hydrocarbons within a selected section of tire formation. 



2544. The method of claim 2542, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range J 



578 



Conley, Rose & Tayon, P.C. 



2545. The method of claim 2542, wherein the heating mechanism comprises an 
electricalrieater. 

2546. The njethod of claim 2542, wherein the heating mechanism comprises a surface 
5 burner. 

2547. The metHpd of claim 2542, wherein the heating mechanism comprises a flameless 
distributed combutetor. 

10 2548. The method ®f claim 2542, wherein the heating mechanism comprises a natural 
distributed combustor 



15 



2549. The method of cmim/2542, further comprising controlling a pressure and a 
temperature within at least a majoriw of a selected section of the formation, wherein the 
pressure is controlled as a |piction temperature, or the temperature is controlled as a 
function of pressure. 



2550. The method of cla im 25^^&rthekcomprising controlling the heat from the 



heating mechanism such 



hat peak transferred from the heating mechanism to at least the 



20 portion of the formation is less tham about 1 °C per day during pyrolysis. 

2551. The method of clami 2542, fumher comprising: 

. heating a selected volume (V) oVthe coal- formation from the heating mechanism, 

wherein the formation has an average he2rt capacity (C v ), and wherein the heating 
25 pyrolyzes at least some hydrocarbons withm the selected volume of the formation; and 
wherein heating energy/day provided\o the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h isW average heating rate of the 
30 formation, p B is formation bulk density, and wherein\he heating rate is less than about 10 
°C/day. 
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2552. The method of claim 2542, further comprising allowing the heat to transfer from 
the heatirm mechanism to at least the portion of the formation substantially by 
conduction! 

5 

2553. The method of claim 2542, further comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 

10 2554. The method Of claim 2542, further comprising producing a mixture from the 

formation, wherein theusroduced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



15 



20 



2555. The method of claim 2542, further comprising producing a mixture from the 



formation, wherein the pro 
wherein about 0.1 % by we 
are olefins. 



2556. The method of claii a 



wherein a molar ratio of etl 



ed mixture comprises condensable hydrocarbons, and 
ghVto about 15 % by weight of the condensable hydrocarbons 



2542/rarthe\ comprising producing a mixture from the 



formation, wherein the produce*/ mixture comprises non-condensable hydrocarbons, and 



ne to ethan\ in tne non-condensable hydrocarbons ranges 



from about 0.001 to about Oil 5. 

2557. The method of claim 2542, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2558. The method of claim 2542, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2559. X The method of claim 2542, further comprising producing a mixture from the 
5 formatidui, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein lass than about 1 % by weight, when calculated on an atomic basis, of the 
condensable^ hydrocarbons is sulfur. 

2560. The memod of claim 2542, further comprising producing a mixture from the 

10 formation, wherein the produced/fhixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to aboutyoO % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. \ / 1 

15 2561 . The method of claftm 2542,^uther comprising producing a mixture from the 
formation, wherein the p ocmced^imire comprises condensable hydrocarbons, and 
wherein greater than about 2(Vfo by wVight of the condensable hydrocarbons are aromatic 
compounds. \ \\ 



20 2562. The method of clareh 2542, rurther comprising producing a mixture from the 
formation, wherein the produced mijoure comprises condensable hydrocarbons, and 
wherein less than about 5 % by weightVf the condensable hydrocarbons comprises multi- 
ring arpmatics with more than two ringsX 

25 2563. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. , \ 

30 2564. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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therein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
arkcycloalkanes. 

2565. \The method of claim 2542, further comprising producing a mixture from the 
formatiok wherein the produced mixture comprises a non-condensable component, 
wherein th8t non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is leSg than about 80 % by volume of the non-condensable component. 

10 2566. The methoa of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



15 



20 



25 



2567. The method of clahn 2542, iWher comprising producing a mixture from the 



formation, wherein the proo^c 
is used to produce fertilizer. 

2568. The method of claim 2 
least a majority of a selected s 
at least about 2.0 bar absolute 



mixture comprises ammonia, and wherein the ammonia 



>)yfurtj^r comprising controlling a pressure within at 
)f tire formation, wherein the controlled pressure is 



2569. The method of claim 2542, furtherVomprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. V 

2570. The method of claim 2569, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2571 . The method of claim 2542, further comprising altering a pressure within the 
30 formation to inhibit production of hydrocarbons from th^brmation having carbon 
numbers greater than about 25. 
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2572. Tttie method of claim 2542, further comprising producing a mixture from the 
formationWd controlling formation conditions by recirculating a portion of hydrogen 
from the mWure into the formation. 

2573. The method of claim 2542, further comprising: 

providing hydrogen (H 2 ) to the at least the heated portion to hydrogenate 
hydrocarbons witMn the formation; and 

heating a portion of the formation with heat from hydrogenation. 

2574. The method ofYlaim 2542, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a potion of the produced condensable hydrocarbons with at least a 
portion of the produced hydiWen. / \ 

2575. The method of claim 254J5L furtfter comprising allowing heat to transfer from the 
heating mechanism to a selected section W the^ferfmation to pyrolyze at least some 
hydrocarbons within the selected section Jxtch that a permeability of a majority of a 
selected section of the formatic n increases no greater than about 100 millidarcy. 

2576. The method of claim 2 542, furtheAompri^ing allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the select ed section such that a permeability of a majority of the 
selected section increases substantially uniformlV 



2577. The method of claim 254^, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2578. The method of claim 2542, further comprising producing a mixture in a 
production well, and wherein at least about 7 heating mechanisms are disposed in the 
formation for each production well. \ 
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2579. T^jie method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are\ocated in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



2580. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at \east a portion of the formation, wherein three or more of the heat 
sources are located ui the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a tmangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



15 



2581. A method for installing of vpus in a coal formation, comprising: 
forming a wellbore in the formation by geosteered drilling; and 
providing a heating mecnanism wffihin the wellbore such that the heating 

mechanism can transfer heat to\(t least aiportion of the formation. 



20 



2582. The method of claim 258 1 ,Vurtheppdfn^ maintaining a temperature within a 
selected section within a pyrojysis t#fiperattire range. 



2583. The method of claim 
electrical heater. 



2581, whe\ein the heating mechanism comprises an 



2584. The method of claim 2581, wherein ^ie heating mechanism comprises a surface 
25 burner. ^ 



2585. The method of claim 258 1 , wherein the heating mechanism comprises a flameless 
distributed combustor. 



30 2586. The method, of claim 2581, wherein the heatirfg mechanism comprises a natural 
distributed combustor. 
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2587. The method of claim 2581, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 



10 



15 
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2588. The method of claim 258 1, further comprising controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 
portion of the formation is less than about 1 °C per day during pyrolysis. 

2589. The method of claim 2581, flbVther comprising: 
heating a selected vomme w) of the coal formation from the heating mechanism, 

wherein the formation has an jVerage heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/dh^rovJded to Ap^olume is equal to or less than Pwr, 
wherein Pwr is calculated by thq equ^tior 

Pwr = h*V*C v *p B 

wherein Pwr is the heatjng erfergVdaV h is an average heating rate of the 
formation, p B is formation bulk depsity, an\wh^ein the heating rate is less than about 10 
°C/day. 



2590. The method of claim 2581, further comprising allowing the heat to transfer from 
the heating mechanism to atleas\ the portion- of th^brmation substantially by 
conduction. 



2591 . The method of claim 258 1 , further comprising prVviding heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W\m °C). 
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2592. The method of claim 2581, further comprising producing a mixture from the 
formation^ wherein the produced mixture comprises condensable hydrocarbons having an 
API gravitAof at least about 25°. 

5 2593. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherem the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 /\by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

10 2594. The method of clahn 2581, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethen\ to ethjfhf in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



15 



20 



2595. The method of claim 2581 ,/fAfther comprising producing a mixture from the 
formation, wherein the produced rfiixtike con^risespdndensable hydrocarbons, and 
wherein less than about 1 % by weight, w^en^ffculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



2581 



2596. The method of claim 
formation, wherein the produce d 
wherein less than about 1 % by 
condensable hydrocarbons is o: 



rther comprising^roducing a mixture from the 
mixture comprises condensable hydrocarbons, and 
weight, when calculated on an atomic basis, of the 
ygen - 



25 2597. The method of claim 25&1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on anatomic basis, of the 
condensable hydrocarbons is sulfur. 



30 2598. The method of claim 2581 , further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
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)out 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxVgen containing compounds, and wherein the oxygen containing compounds comprise 
pheirols. 

2599. l^he method of claim 2581, further comprising producing a mixture from the 
formation,wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greyer than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

10 2600. The methockof claim 258 1 , further comprising producing a mixture from the 
formation, wherein tfte produced/mixture comprises condensable hydrocarbons, and 
wherein less than abouV) % byAveWht of the condensable hydrocarbons comprises multi- 
ring aromatics with mor^han iwo rWs. 



15 



2601 . The method of claim x.5 8 1 , furiher comprising producing a mixture from the 
formation, wherein the prodilc&d mixture comprises condensable hydrocarbons, and 



wherein less than about 0.3 
asphaltenes. 



Vo b)^eighn&f the condensable hydrocarbons are 



20 2602. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixtureVomprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 9\by weight of the condensable hydrocarbons 
are cycloalkanes. 



25 2603 . The method of claim 2581, further comprrfcing producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable component, 
wherein the non-condensable component comprises hVdrogen, wherein the hydrogen is 
greater than about 1 0 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



30 
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2604. The method of claim 2581, further comprising producing a mixture from the 
formatiom wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 Vo by weight of the produced mixture is ammonia. 

5 2605. The metfiod of claim 2581, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2606. The method of olaim 2581, further comprising controlling a pressure within at 
10 least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 



15 



20 
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2607. The method of claim 23» 1, further comprising controlling formation conditions to 
produce a mixture from the forp^tion\ wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 



2608. The method of claim 
is* measured when the mixture 



2507 



, wttfjdk the partial pressure of H 2 within the mixture 
is at a^rAducfipn well. 



2609. The method of claim 
formation to inhibit productioi 
numbers greater than about 25 



258 



further Qpmprisi*ig altering a pressure within the 
of hydrocarbons from the formation having carbon 



2610. The method of claim 2318 1, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formatioh. 



30 



26 1 1 . The method of claim 2581, further comprising: 

providing hydrogen (H2) to at least the heated portion to hydrogenate 
hydrocarbons within the formation; and 

heating a portion of the formation with heat from hydrdgenation. 
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26 1 2. Xhe method of claim 2581, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



10 



26 1 3 . The method of claim 2581, further comprising allowing heat to transfer from the 
heating mechanismVo a selected section of the formation to pyrolyze at least some 
hydrocarbons within\he selected section such that a permeability of a majority of a 
selected section of theVormation increases to greater than about 100 millidarcy. 



15 



2614. The method of cla\m 2581, furihe^ comprising allowing heat to transfer from the 
heating mechanism to a selected section oftthe formation to pyrolyze at least some 
hydrocarbons within the selected section subh that a permeability of a majority of the 
selected section increases substantially uniformly. 



2615. The method of claim 25 8\, furthd^obprising controlling the heat to yield greater 
than about 60 % by weight of concWsable hydrocarbons, as measured by Fischer Assay. 



20 2616. The method of claim 25/81, further comprising producing a mixture in a 

production well, and wherein at least ab\ut 7 heat sources are disposed in the formation 
for each production well. 

26 1 7. The method of clai m 258 1 , further comprising providing heat from three or more 
25 heat sources to at least a p )ition of the formatiW wherein three or more of the heat 

sources are located in the formation in a unit of\eat sources, and wherein the unit of heat 
sources comprises a triangul^rpattern. 



2618. The method of claim 2581, further comprisingWo viding heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2619. A method of treating a coal formation in situ, comprising; 

5 heating a selected section of the formation with a heating element placed within a 

wellbore, wherein at least one end of the heating element is free to move axially within 
the wellbore to allow for thermal expansion of the heating element. 

2620. The method of claim 26 1 9, further comprising at least two heating elements 
10 within at least two wellbores, and wherein superposition of heat from at least the two 

heating elements pyrolyzes at least some hydrocarbons within a selected section of the 
formation. 

: 

S 262 1. The method of claim 261 9, further comprising maintaining a temperature within 

15 the selected section within a pyrolysis temperature range. 



Q 



2622. The method of claim 261 9, wherein the heating element comprises a pipe-in-pipe 
heater. 



20 2623 . The method of claim 26 1 9, wherein the heating element comprises a flameless 
J=f distributed combustor. 

2624. The method of claim 261 9, wherein the heating element comprises a mineral 
insulated cable coupled to a support, and wherein the support is free to move within the 

25 wellbore. 

2625. The method of claim 2619, wherein the heating element comprises a mineral 
insulated cable suspended from a wellhead, 

30 2626. The method of claim 2619, further comprising controlling a pressure and a 
temperature within at least a majority of a heated section of the formation, wherein the 
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pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

2627. The method of claim 261 9, further comprising controlling the heat such that an 
average heating rate of the heated section is less than about 1 °C per day during pyrolysis. 

2628. The method of claim 261 9, wherein heating the section of the formation further 
comprises: 

heating a selected volume {V) of the coal formation from the heating element, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr y 
wherein Pwr is calculated by the equation: 

Pwr = A*K*C v */> fi 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

2629. The method of claim 26 19, wherein heating the section of the formation 
comprises transferring heat substantially by conduction. 

2630. The method of claim 2619, further comprising heating the selected section of the 
formation such that a thermal conductivity of the selected section is greater than about 
0.5 W/(m °C). 

2631. The method of claim 26 19, farther comprising prod 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2632. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



2633, The method of claim 261 9, further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



2634. The method of claim 261 9, further comprising producing a mixture from (he 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen, 

~» 

Hra? 

yy 2635. The method of claim 26 19, further comprising producing a mixture from the 

j\ 1 5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2636. The method of claim 26 1 9, further comprising producing a mixture from the 

rU 

£ 20 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

rf wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

1== 

condensable hydrocarbons is sulfur. 



2637. The method of claim 26 1 9, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

30 2638. The method of claim 26 1 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



2639. The method of claim 26 1 9, further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2640. The method of claim 261 9, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

m 2641. The method of claim 2619, further comprising producing a mixture from the 

y" 1 5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
■F wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 

j=j are cycloalkanes. 

5 

jr 2642. The method of claim 261 9, further comprising producing a mixture from the 

rij 

j| 20 formation, wherein the produced mixture comprises a non-condensable component, 

wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 1 0 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

25 2643. The method of claim 26 1 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2644. The method of claim 26 1 9, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2645. The method of claim 261 9, further comprising controlling a pressure within the 
selected section of the formation, wherein the controlled pressure is at least about 2.0 bar 
absolute. 

2646. Hie method of claim 26 1 9, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2647. The method of claim 2647, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2648. The method of claim 26 1 9, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2649. The method of claim 261 9, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2650. The method of claim 261 9, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the heated section; and 

heating a portion of the section with heat from hydrogenation. 

265 1 . The method of claim 2619, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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2652. The method of claim 26 1 9, wherein heating comprises increasing a permeability 
of a majority of the heated section to greater than about 100 millidarcy. 



i , -, 



5™T 



2653. Hie method of claim 2619, wherein heating comprises substantially uniformly 
5 increasing a permeability of a majority of the heated section, 

2654. The method of claim 2619, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

10 2655. The method of claim 26 1 9, further comprising producing a mixture in a 

production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 



2656. The method of claim 261 9, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
*y sources comprises a triangular pattern. 



2657. The method of claim 261 9, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of die units are repeated 
over an area of the formation to form a repetitive pattern of units. 

25 2658. A method of treating a coal formation in situ, comprising: 

providing heat fromone ormore heat sources^) at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 
30 producing a mixture from the formation through a production well, wherein the 

production well is located such that a majority of the mixture produced from the 
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formation comprises non-condensabl^fhydrocarbons and a non-condensable component 
comprising hydrogen. 

2659. The method of claim 2658, wherein the one or more heat sources comprise at 
least two heat sources, and whereiri superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2660. The method of claim 2658, further comprising maintaining a temperature within 



10 the selected section within a pyr 



)lysis temperature range. 



2661. The method 
approximately 6 m 



of claimG65 t K, wherein the production well is less than 

/ i 

Tom a hfeat"St urce of the one or more heat sources. 



15 2662. The methoij of cla/m 265 8l wherein the production well is less than 
approximately 3 mlfrom p. heat source of the one or more heat sources. 



20 



2663. The method of claim 2658, wherein the production well is less than 
approximately 1 .5 m from a heat source of the one or more heat sources. 

2664. The method/of claim 2658, wherein an additional heat source is positioned within 
a wellbore of the production well. 



2665. The method of claim 2658, wherein the one or more heat sources comprise 



25 electrical heaters. 



2666. The method of claim 2658, wherein the one or more heat sources comprise 
surface burners. 



30 2667. The method of claim 2658, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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2668. The method of claim 2658, whereiiythe one or more heat sources comprise natural 
distributed combustors. 



10 



25 



2669. The method of claim 2658, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a functiojj of temperature, or the temperature is controlled as 
a function of pressure. 



2670. The method of claim/2658y 
average heating rate of thje/selectjed 
pyrolysis. 



further comprising controlling the heat such that an 
section is less than about 1 °C per day during 



15 sources to at least the 



/ 



rtion of forn 
heating a selected j^lume (V) 



2671 . The method of oraim2658, wherein providing heat from the one or more heat 



ation comprises: 
' ;iof the coal formation from the one or more heat 



sources, wherein the formation has ar^average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
20 wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pjr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



2672. Theynethod of claim 2658, wherein allowing the heat to transfer from the one or 
more heat^sources to the selected section comprises transferring heat substantially by 
conduction. 
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2673. The method of claim 2658, wherein providing heat from the one or more heat 
sources comprises heating the selected section/such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2674. The method of claim 2658, whereinAhe produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2675. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 %Lby weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



2676. The method of claim &658, ^herein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15 

2677. The method of claim 265^8, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein legs 



"about 



1 % by weight, when calculated on an atomic 



basis, of the condensable Aiydrocarbons is nitrogen 



2678. The method of cpaim £658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2679 . The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



2680. The method oi claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2681. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about f>0 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 2682. The method of claim 2658, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromafics with more than two rings. 

2683. The method of claim 2658, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less }Han abftut 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes.y 



2684. The method of claim 2658, \yherein the produced mixture comprises condensable 
hydrocarbons, and wheremf about 5 j/o by weig ht to about 30 % by weight of the 
1 5 condensable hydrocarb ons aitr c ych xaiKanes. 



2685. The method of claim 265^, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



2686. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



25 



2687. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

/ 

/ 

2688. The method of claim 2658, further comprising controlling a pressure within at 
30 least a majority of the selected section of the formation, wherein the controlled pressure 

is at least about 2.6 bar absolute. 
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2689. The method of claim 2658, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

5 

2690. The method of claim 2689, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

269 1 . The method of claim 26S87^rmer comprising altering a pressure within the 
10 formation to inhibit production of hyc$[ocarbons from the formation having carbon 

numbers greater than abouty25. 

2692. The method of claim 2658,/furthter comprising controlling formation conditions 
by recirculating a portior/ of the hydroggn_fcom the mixture into the formation. 



15 



20 



25 



2693. The method of/dlaim 2658, further comprising: 
providing hydnpgen (Hi) to the hqated section to hydrogenate hydrocarbons 

within the section; anc 

heating a portion of thle section with heat from hydrogenation. 

/' 

2694. The method of claim 2658, further comprising: 
producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced nydrogen. 

2695. The method of claim 2658, wherein allowing the heat to transfer comprises 
increasing a permeab/lity of a majority of the selected section to greater than about 100 
millidarcy. 



30 2696. The method of claim 2658, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



600 



Conley, Rose & Tayon, P C. 



10 



15 



2697. The method of claim 2658, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2698. The method of claim 2658, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein A least about 7 heat sources are disposed in 
the formation for each production well. 

2699. The method of claim 2658, further comprising providing heat from three or more 
heat sources to at least a portion of the ferp/ation, wherein three or more of the heat 
sources are located in the formation/m a wkk of heat sources, and wherein the unit of heat 
sources comprises a triangular partem. 

2700. The method of claim 266 8, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



sources are located in the formation W a unit 



of heat sources, wherein the unit of heat 



sources comprises a triangujterpaftera andwB&reki a plurality of the units are repeated 
over an area of the formationto fon^l a repetitive pattern of units. 

20 270 1 . A method of treatii d a coaf formation in situ, comprising: 

providing heat to ayleast a portion of the formation from one or more first heat 
sources placed within a pattern in the formation; 

allowing the heat to transfer from the one or more first heat sources to a first 
section of the formation; 

25 heating a second section of the formation with at least one second heat source, 

wherein the second section is located within the first section, and wherein at least the one 
second heat source is configured to raise an average temperature of a portion of the 
second section to a higher temperature than an average temperature of the first section; 
and 

30 producing a mixture from the formation through a production well positioned 

within the second section, wherein a majority of the produced mixture comprises non- 
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condensable hydrocarbons and a non-condensable component comprising H2 
components. 

2702. The method of claim 2701, wherein tpe one or more first heat sources comprise at 
5 least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the first section of the formation. 



10 



15 



20 



25 



2703. The method of claim 2701, further comprising maintaining a temperature within 
the first section within a pyrolysis temperature range. 



2704. The method of claim 270/, wherein at least the one heat source comprises a 



heater element positioned wi 

2705. The method of claim 
an electrical heater. — 



ifo the production well 

A 

// 

701, wherein at least the one second heat source comprises 



17 



2706. The method of claim 270^, wherein at least the one second heat source comprises 
a surface burner. 

2707. The method of claim 2^01, wherein at least the one second heat source comprises 
a flameless distributed combustor. 

2708. The method of claim 2701,. wherein at least the one second heat source comprises 
a natural distributed comaustor. 

2709. The method of daim 2701, further comprising controlling a pressure and a 
temperature within at ljeast a majority of the first or the second section of the formation, 

wherein the pressure Js controlled as a function of temperature, or the temperature is 

// 

controlled as a function of pressure. 
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27 1 0. The method of claim 2701, further composing controlling the heat such that an 
average heating rate of the first section is less thkn about 1 °C per day during pyrolysis. 



10 



15 



2711. The method of claim 270 1 , wherein providing heat to the formation further 
comprises: 

heating a selected volume (V) of the 1 rom the one or more first heat sources, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day ^ovidM to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 



Pwr = /**F*C v *p B 
wherein Pwr is the he 



ng energy/day, h is an average heating rate of the 



formation, p B is formation bylk density/ and 
°C/day. 



vherein the heating rate is less than about 10 



2712. The method of claijf 
transferring heat substanti 



by a 



/herein 
inductioj 



llowing the heat to transfer comprises 



2713. The method of claim 270i , wherei; 
20 sources comprises heating the first section^ 



25 



providing heat from the one or more first heat 
such that a thermal conductivity of at least a 



portion of the first section is greater than about 0.5 W/(m °C). 

27 1 4. The method of claim/270 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an APjl gravity of at least about 25°. 

2715. The method of claijm 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



30 2716. The method of claim 2701, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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2717. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

/ 

2718. The method of claim 2701, ^wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



/ 



10 2719. The method of claim'270 1 ; >wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarqons is sulfur. 



20 



2720. The method of claim 2701 J wherein the produced mixture comprises condensable 



15 hydrocarbons, w 



hydrocarbons cqi tiprise^x^gen containing compounds, and wherein the oxygen 



containing com 



erein about 5 %foji_weight to about 30 % by weight of the condensable 



unds comprise phenols. 



272 1 . The metr od of/claim 270 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein grea ter than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



25 



2722. The method of claim 270 1 , wherein the produced mixture comprises condensable 
hydrocarbons, andf wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2723. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



30 
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2724. The method of claim 2701 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight ft about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



10 



2725. The method of claim 2701, wherein thle produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than abouy 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / I \ 

/ / \ 

/ / 

2726. The method of claim 2701 , wMerein the produced mixture comprises ammonia, 
and wherein greater thfah about 0.05/% by weight of the produced mixture is ammonia. 



2727. The method of claim 270 Y, whei^irLtl^produced mixture comprises ammonia, 
15 and wherein the amjaonj^uis^^ fertilizer. 

2728. The method of claim / 2701, further comprising controlling a pressure within at 



20 



least a majority of the first pr the second 
pressure is at least about #0 bar absolute 



section of the formation, wherein the controlled 



2729. The method of claim 2701, further comprising controlling formation conditions to 
produce the mixture, ^herein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

25 2730. The method of claim 2729, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



30 



273 1 . The method of claim 270 1 , further comprising altering a pressure within the 
formation toAnhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 
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2732. The method of claim 2701, further comprising/controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



2733. The method of claim 2701, further comprising: 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second section/ respectively; and 

heating a portion of the first or seconcy section, respectively, with heat from 
hydrogenation. 



10 2734. The method of claim 270 1 , further comprising: 

producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of thej^roduced condensable hydrocarbons with at least a 
portion of the produced hydrogen^^ / A 



20 



/ 



/ 

15 2735. The method of claim 2701 ywhereir 



/ 




2/70 1 , wherein 
easing a permeability 



allowing the heat to transfer comprises 



increasing a permeability o/f a majority of tlpe first or second section to greater than about 
100 millidarcy. 



2736. The method of clai 
substantially uniformly ini 
section. 



allowing the heat to transfer comprises 
of a majority of the first or second 



25 



2737. The method of claim 270 1 , wherein heating the first or the second section is 
controlled to yield greater than about 60 % by weight of condensable hydrocarbons, as 
measured by Fischer Assay. 



2738. The method of/claim 2701, wherein at least about 7 heat sources are disposed in 
the formation for eacm production well. 



30 2739. The method pf claim 270 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a uni/of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2740. The method of claim 2701, furtner comprising providing heat from three or more 
heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fomn a repetitive pattern of units. 



1 formation in situ, comprising: 
rmati m from a plurality of heat sources placed in a 
erein a spacing between heat sources is greater than 



10 2741. A method of tre; 

providing heat 
pattern within the formation 
Q about 6 m; 

2f allowing thb heat to t/ansfer from the plurality of heat sources to a selected 

£ 15 section of the 



producir 
wherein the ph 
spacing betwee 



mixture from the formation from a plurality of production wells, 
ity of production wells are positioned within the pattern, and wherein a 
production wells/is greater than about 12 m. 



20 



2742. The method off claim 2741, wherein superposition of heat from the plurality of 
heat sources pyrolyz^s at least some hydrocarbons within the selected section of the 
formation. 



2743. The method of claim 2741, further comprising maintaining a temperature within 
25 the selected section within a pyrolysis temperature range. 

2744. The method of claim 274 1 , wherein the plurality of heat sources comprises 
electrical heaters. 

30 2745. Tlje method of claim 2741, wherein the plurality of heat sources comprises 
surface turners. 



607 



Conley, Rose & Tayon, P.C, 



2746. The method of claim 274 1 , wherein thf plurality of heat sources comprises 
flameless distributed combustors. 

5 2747. The method of claim 274 1 , whereiiy the plurality of heat sources comprises 
natural distributed combustors. 

2748. The method of claim 274 1 , further comprising controlling a pressure and a 
temperature within at least a majority ot the selected section of the formation, wherein 
10 the pressure is controlled as a flmctip^Mstemperature, or the temperature is controlled as 
a function of pressure. 

q 2749. The method of claim 274 1 , further comprising controlling the heat such that an 

average heating rate of the/selected section/is less than about 1 °C per day during 
^ 15 pyrolysis. // / / 

2750. The method of qljaim 2741 5 wherein providing heat from the plurality of heat 
* composes: 1/ / 

jr heating a selected volume (V) of (the coal formation from the plurality of heat 

v * 20 sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 



pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

25 wherein Pwr is the heating energy/day, h is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

275 1 . The method of claim 274 1 , wherein allowing the heat to transfer comprises 
30 transferring heat substantially by conduction. 
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2752. The method of claim 2741, wherein providing heat comprises heating the selected 
formation such that a thermal conductivity oy at least a portion of the selected section is 
greater than about 0.5 W/(m °C). 

5 2753 . The method of claim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



10 
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2754. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.l/% by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2755. The method of claim/274 1 1 w lerein the produced mixture comprises non- 
condensable hydrocarbonsyand wher sin a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges fro n about 0.00 1 to about 0.15. 



2756. The method of claim 2741, wl erein the produced mixture comprises condensable 
hydrocarbons, and wherein less thari^jbout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



20 2757. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2758. The method of claim 2741, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



30 



2759. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2760. The method of claim 274 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about f0 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2761. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



n 



10 



15 



20 



2762. The method of claim 27^/1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thanyabout 0i3 % by weight of the condensable 



e^s 



hydrocarbons are asphaltenes. 



2763. The method of c 



2764. The method of c 



im 274 V, wherein the produced mixture comprises condensable 
hydrocarbons, and wherdinabQu^ to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes.' 



aim 2741, wherein tl^e produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



2765. The method of clnim 2741, wherein the produced mixture comprises ammonia, 
25 and wherein greater tham about 0.05 % by weight of the produced mixture is ammonia. 



2766. The method of claim 2741, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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2767. The method of claim 274 1 , further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

5 2768. The method of claim 2741 , further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2769. The method of claim 2768, wherein the partial pressure of H2 within the mixture 
10 is measured when the mixture is atanproduction well. 



15 



20 



25 



2770. The method of clain/274 1 , /further comprising altering a pressure within the 
formation to inhibit production oi/hydro£arbons from the formation having carbon 
numbers greater than about 25. 



277 1 . The method of c 
by recirculating a portion 



4 1 , further comprising controlling formation conditions 
of hfydrogen from the mixture into the formation. 



2772. The method of claim 2741, flirttLer comprising: 

providing hydrogen (H 2 ) to the selected section to hydrogenate hydrocarbons 
within the selected section; and 

heating a portion of the selected section with heat from hydrogenation. 



L 



2773 . The method of claim 274 1 , further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenapng a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



2774. The mdthod of claim 2741, wherein allowing the heat to transfer comprises 
30 increasing a permeability of a majority of the selected section to greater than about 100 
iiiilliUaicyr 
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2775. The method of claim 2741, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

5 2776. The method of claim 274 1 , further^comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



15 



20 



25 



30 



2777. The method of claim 2741, ^herein at least about 7 heat sources are disposed in 
the formation for each production well. 



2778. The method of claim 274/1 , further comprising providing heat from three or more 
heat sources to at least a portion oKthe formation, wherein three or more of the heat 
sources are located in the fom^ation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2779. The method 



/ 



rfclafoi2741 



heat sources to at least a portion o 



sources are located 
sources comprises a 



-fcmratrc 



further comprising providing heat from three or more 
the formation, wherein three or more of the heat 
ir4n-a unit of heat sources, wherein the unit of heat 



gular pat tern, and wherein a plurality of the units are repeated 
over an area of the f Donation to form a repetitive pattern of units. 

2780. A system configured to heat a coal formation, comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 
to provide heat to/ at least a portion of the formation during use; 

an oxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid/from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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2781. The system of claim 2780, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluip is transported through the reaction 
zone substantially by diffusion. 

5 

2782. The system of claim 2780, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

2783. The system of claim 2780, wherein the conduit comprises critical flow orifices, 
10 and wherein the critical flow orifices areyconfigured to control a flow of the oxidizing 

fluid such that a rate of oxidation in th^furmation is controlled. 



15 



20 



2784. The system of claim 2780, wherein txie conduit is further configured to be cooled 



with the oxidizing fluid such/that tl^e conduct is not substantially heated by oxidation. 



2785. The system of claifry 278$ whereji 
oxidation product. 



>nduit is further configured to remove an 



2786. The system of ck 



2/780, wherein the conduit is further configured to remove an 



oxidation product such that ^ie oxidation product transfers substantial heat to the 
oxidizing fluid. 



25 



2787. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to/a flow rate of the oxidation product in the conduit. 



30 



2788. The system oy claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 
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2789. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

5 2790. The system of claim 2780, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2 



10 



15 



20 



25 



2791 . The system of claim 278(OFurther comprising a center conduit disposed within 
the conduit, wherein the center conauit is configured to provide the oxidizing fluid into 
the opening duringyuse, and wherein the conduit is further configured to remove an 
oxidation product during use 



lerein the portion of the formation extends radially 
ximately 0.2 m. 



2792. The sys^erA of claim/2780, w 
from the opening z width 



2793. Thesysteh) 



conduit, wherein second conduit! 
conductor is configurea to heat at lea: 
electrical current to the conductor. 



of claim 2780, fi rther comprising a conductor disposed in a second 



is disposed within the opening, and wherein the 
st a portion of the formation during application of an 



2794. The system of claim 2780, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. 

2795. The system of claim 2780, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a/portion of the formation during application of an electrical current to the 
at least the one Elongated member. 



30 
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2796. The system of claim 2780, further comprising a/heat exchanger disposed external 
to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provid^/(he heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. 



10 



15 



20 



2797. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2798. The system of claim 21%j( Furtheycomprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 



formation, and wherein the orerburden/casin^ comprises steel 



JL 



2799. The system of claim 2780, further comprising an overburden casing coupled to 

cfverl — J 



the opening, wherein the < 
formation, and wherein tY 



sing i ! s disposed in an overburden of the 
overburden casi nig is further disposed in cement. 



\ 



2800. The system of clajm 278^, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



2801. The system of claim 2ff 80, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
25 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



2802. The system of claim 2780, further comprising an overburden casing coupled to 
30 the opening, wherein the/overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



2803. The system of claim 2780, wherein the system is further configured such that 
5 transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



10 



15 



2804. A system configurable to heat a coal formation, comprising: 

a heater configuring in an opening in the formation, wherein the 

heater is further configurable to provide heat to at least a portion of the formation during 



use; 



7 



a conduit configurable to be disposed in the opening, wherein the conduit is 



configurable to plovide aii oxidizing fluid from an oxidizing fluid source to a reaction 

/ / 

zone in the forma ion during use, and wherein the system is configurable to allow the 
oxidizing fluid to Dxidjze-aTle^tsDme hydrocarbons at the reaction zone during use such 
that heat is generated a/ the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 



20 



2805. The system of claim 2804, wherein the oxidizing fluid is configurable to generate 
heat in the reaction/zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



25 



2806. The system of claim 2804, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2807. The system of claim 2804, wherein the conduit comprises critical flow orifices, 
and wherein the! critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 
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2808. The system of claim 2804, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 

5 2809. The system of claim 2804, whereii/ the conduit is further configurable to remove 
an oxidation product. 



10 



2810. The system of claim 2804, v/nerein the\conduit 
an oxidation product, such that }Ke oxidation p: oduct 



is further configurable to remove 
transfers heat to the oxidizing fluid. 



281 1. The system of claim/2804ywherein the conduit is further configurable to remove 
an oxidation product, and ywherein a flow rate/of the oxidizing fluid in the conduit is 
approximately equal to ajflow rate of the oxidation product in the conduit. 



_+* 15 2812. The system of c^ahn. 



fierein tlieconduit is further configurable to remove 



rjyc 



the oxidation product ©y the oxidizing fluid 



an oxidation product, and wherein a pressun : of the oxidizing fluid in the conduit and a 
pressure of the oxidatibn product in the conduit are controlled to reduce contamination of 



20 2813. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2814. The system or claim 2804, wherein the oxidizing fluid is substantially inhibited 
25 from flowing into portions of the formation beyond the reaction zone. 



30 



2815. The system of claim 2804, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation produrt during use. 
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2816. The system of claim 2804, wherein thfe portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2817. The system of claim 2804, further comprising a conductor disposed in a second 
conduit, wherein the second conduit isyaisposed within the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor 



28 1 8. The system of claim2r804( further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configurable to heat at least a 
portion of the formation during/application of an electrical current to the insulated 
conductor. 



28 1 9. The systed of claim/2804, further comprising at least one elongated member 
disposed^within tne opening, wherein the at least the one elongated member is 
configurable to I eat at le^tarpcJitiorr&the formation during application of an electrical 
current to the af east the/one elongated member. 



2820. Thesysteftiofq laim 2804, further comprising a heat exchanger disposed external 
to the formation, whecein the heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduit ik further configurable to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 



2821. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2822. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, ^herein the overburden casing is disposed in an overburden of the 
formation, anfcl wherein the overburden casing comprises steel. 
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2823. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2824. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2825. The system of claim 280y further composing an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material indisposed at a junction of the overburden casing 
and the opening, and whereof the packihg material is configurable to substantially inhibit 



a flow of fluid between the i 



3ening and the overburden casing during use. 



2826. The system of clair i ^ 
the opening, wherein tEeo ve 
formation, wherein a packini ; 



805^tfrtner cor 
•burden casing : 
ma/erial is disposed ; 



iprising an overburden casing coupled to 
disposed in an overburden of the 

at a junction of the overburden casing 
and the opening, and wherem the packing material comprises cement. 



2827. The system of claim 2804, wherein the system is further configurable such that 
transferred heat can pyrolyze/at least some hydrocarbons in the pyrolysis zone. 



2828. An in situ method fpr heating a coal formation, comprising: 
25 heating a portion af the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid; 
providing the oMdizing fluid to a reaction zone in the formation; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 
30 transferring the generated heat substantially by conduction from the reaction zone 

to a pyrolysis zone In the formation. 
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2829. The method of claim 2828, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

5 2830. The method of claim 2828, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



10 



15 



20 



25 



283 1 . The method of claim 2828, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of aconduit disposed in the opening such that a rate of 
oxidation is controlled. 




2832. The method of cl^im 2828, further co uprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidatior/is substantial^ consta it over time within the reaction zone 

y 

2833. The method^f claim 2828/wherein i conduit is disposed in the opening, the 
method further comprising cooliiyg the condjuit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



2834. The method 
method further co 
the conduit. 



of claim 2828, whereim a conduit is disposed within the opening, the 
Iprising removing an oxidation product from the formation through 



2835. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to oxidizing 
fluid in the conduit. 



2836. The method of claim 2828, wherein a conduit is disposed within the opening, the 
30 method further comprising removing an oxidation product from the formation through 
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the conduit, wherein a flow rate of the oxidizing/fluid in the conduit is approximately 
equal to a flow rate of the oxidation product ii i/the conduit. 



2837. The method of claim 2828, whereir^/a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



a conduit is disposed within the opening, the 




10 2838. The method of claim 2828ywherei ! 



method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond/me rea/tion zone. 



15 2839. The method off claim 2828, further comprising substantially inhibiting the 
oxidizing fluid frorry/flowing intoportions^of the formation beyond the reaction zone. 



2840. The method/of claim 2828, wherein a center conduit is disposed within an outer 
conduit, and wherdm the .outer conduit is disposed within the opening, the method further 



20 comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



25 



2841 . The method ok claim 2828, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2842. The method of claim 2828, wherein heating the portion comprises applying 
electrical current tp a conductor disposed in a conduit, wherein the conduit is disposed 
within the openir 



30 2843. The method of claim 2828, wherein heating the portion comprises applying 
electrical curremt to an insulated conductor disposed within the opening. 
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2844. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 



15 



20 



2845. The method of claim 2828, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprise^ transferring heat from the heated oxidizing 
fluid to the portion. 




10 2846. The method of claim 282:8, furthe^ c^prising removing water from the formation 
prior to heating the portion. 



2847. The method of cl^m 2828, further comprising controlling the temperature of the 

r/d 



formation to substantially/ inhibit production of oxides of nitrogen during oxidation. 



2848. The method oflciaim 2828, furthercomprising coupling an overburden casing to 



the opening, wherein 
formation. 



overburden casiAg is disposed in an overburden of the 



2849. The method of claim 2828, furtner comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



2850. The method oyclaim 2828, further comprising coupling an overburden casing to 
25 the opening, whereiiythe overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



30 



285 1. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and theyopening. 
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2852. The method of claim 2828, wherein the pyrolysis zoiie is substantially adjacent to 
the reaction zone. 
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2853. A system configured to heat a coal formation/comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 
to provide heat to at least a portion of the formation during use; 

an oxidizing fluid source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at the 
reaction zone during use such that hp&t ii generated at the reaction zone, and wherein the 
conduit is further configured to rpxvoyf an o nidation product from the formation during 
use; and 

wherein the system \& configured to' allow heat to transfer substantially by 
conduction from the reaction zoneAo a pyrolysis zone of the formation during use. 

2854. The system of cla nai 285/3, whereip the oxidizing fluid is configured to generate 
heat in the reaction zone/sjuch jfoat the ox^dizfttg fluid is transported through the reaction 
zone substantially by ditfusic 

2855. The system of claim 2853, wherein the conduit comprises orifices, and wherein 
the orifices are configure© to provide the oxidizing fluid into the opening. 



2856. The system of dlaim 2853, wherein the conduit comprises critical flow orifices, 
25 and wherein the critical flow orifices are configured to control a flow of the oxidizing 

fluid such that a rate^f oxidation in the formation is controlled. 

2857. The system of claim 2853, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 



30 
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2858. The system of claim 2853, wherein the conduiyis further configured such that the 
oxidation product transfers heat to the oxidizing fluic 

2859. The system of claim 2853, wherein a flow /ate of the oxidizing fluid in the 
5 conduit is approximately equal to a flow rate of ^ne oxidation product in the conduit. 

2860. The system of claim 2853, wherein ajpfr^sure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in/fne conduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 



10 



2861 . The system of claim 2853( wherein the oxidation product is substantially inhibited 
from flowing into portions of tl^e formation beyond the reaction zone. 



15 



2862. The system of claim #85^*^ fluid is substantially inhibited 

from flowing into portions tif the/formation beyond the reaction zone. 



20 



2863. The system of claim 2853, further comprising a center conduit disposed within 
the conduit, wherein the cenpr conduitfls configured to provide the oxidizing fluid into 
the opening during use. 

2864. The system of claim 2853, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2865. The system of claim 2853, further comprising a conductor disposed in a second 
25 conduit, wherein the second conduit is disposed within the opening, and wherein the 

conductor is configured to heat at least a portion of the formation during application of an 
electrical curreiu to the conductor. 

2866. The system of claim 2853, further comprising an insulated conductor disposed 
30 within the opening, wherein the insulated conductor is configured to heat at least a 



624 



Conley, Rose & Tayon, P.C. 




portion of the formation during application o/ an electrical current to the insulated 
conductor. 



10 
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2867. The system of claim 2853, further comprising at least one elongated member 
disposed within the opening, wherein /the at least the one elongated member is configured 



to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member.* 



/ 



2868. The system of clai 




her comprising a heat exchanger disposed external 



to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is'fiirther configured to provide the heated oxidizing fluid into the 
opening during useyknd wherein the (heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. 

2869. The systdm of claim 2853, further comprising an overburden casing coupled to 

the opening, w — : " " 1 1 J 

formation. 



Herein the overburden casing is disposed in an overburden of the 



2870. The system oj claim 285^3, further comprising an overburden casing coupled to 
the opening, wjierein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



25 



2871. The system of claim 2853 , further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



2872. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wnerein a packing material is disposed at a junction of the overburden 
casing and the/opening. 
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2873. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed/at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 

5 flow of fluid between the opening and the ovecourden casing during use. 

2874. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overbur^dTc^ng is disposed in an overburden of the 
formation, wherein a packing ffiaterial is/disposed at a junction of the overburden casing 

10 and the opening, and wherein the packing material comprises cement. 



2875. The system of claim 2 ^3, ^herein the system is further configured such that 
transferred heat can pyrirtyze~ar least someiiydrocarbons in the pyrolysis zone. 



15 2876. A system configurable jo heat/a coal formation, comprising: 

a heater configurable to be dfsposed in an opening in the formation, wherein the 
heater is further configurable to provide heat to at least a portion of the formation during 
use; / 

a conduit configurable to be disposed in the opening, wherein the conduit is 

20 further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 

reaction zone in the formation during use, wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
that heat is generated at the reaction zone, and wherein the conduit is further configurable 
to remove an oxidation product from the formation during use; and 

25 wherein ftie system is further configurable to allow heat to transfer substantially 

by conduction from the reaction zone to a pyrolysis zone during use. 

2877. The system of claim 2876, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
30 zone substantially by diffusion. 
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2878. The system of claim 2876, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2879. The system of claim 2876, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



10 



2880. The system of claim 2876, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 
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2881 . The system of claim /876 ? /wherem the conduit is further configurable such that 
the oxidation product transfers heat to the oxidizing fluid. 

15 2882. The system of Zlaim 2876, whe/ein a flow rate of the oxidizing fluid in the 

conduit is approxima?fety-eqna^ rate of the oxidation product in the conduit. 

Il l I 

2883. The system/of claim 2876, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 

20 contamination of the oxidation product by the oxidizing fluid. 

2884. The system of claim 2876, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



25 2885. The system of claim 2876, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



30 



2886. The system of claim 2876, further comprising a center conduit disposed within 
the conduit, Wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use. 
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2887. The system of claim 2876, wherein the portioiyof the formation extends radially 
from the opening a width of less than approximately/0.2 m. 

2888. The system of claim 2876, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor. 



10 



2889. The system of claim 2876, filler comprising an insulated conductor disposed 
within the opening, wherein ^^nsujatod conductor is configurable to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. 



2890. The system of claim 2876, further comprising at least one elongated member 
15 disposed within 4h^pening,Ahereij^ least the one elongated member is 

configurable to heat at least^a portion of the formation during application of an electrical 
current to the at least the one elongated member. 



2891. The system of claim 287/6, further comprising a heat exchanger disposed external 



20 to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 

/ ' 

wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. 



25 2892. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, whferein the overburden casing is disposed in an overburden of the 
formation. / 

2893. The system of claim 2876, further comprising an overburden casing coupled to 
30 the opening wherein the overburden casing is disposed in an overburden of the 
formation,/and wherein the overburden casing comprises steel. 
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2894. The system of claim 2876, further comprisiiwan overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is ^dither disposed in cement. 

2895. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



2896. The system of claim 2876, further jcom 
the opening, wherein the overbidden casing is 



rising an overburden casing coupled to 
disposed in an overburden of the 



formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



2897. The system of claim 2^76,/further comprising an overburden casing coupled to 



the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 



and the opening, and wher 



/ 



n the packing material comprises cement. 



2898. The system of claim'2876, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



25 



30 



2899. An in situ method for heating a coal formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction of 
hydrocarbons withirythe portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing gas to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat in the reaction zone; 

removing at least a portion of an oxidation product through the opening; and 
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transferring the generated heat substantially py conduction from the reaction zone 
to a pyrolysis zone in the formation. 

2900. The method of claim 2899, further comprising transporting the oxidizing fluid 
5 through the reaction zone by diffusion. 

2901 . The method of claim 2899, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



10 2902. The method of claim 2899, furtHerV 

fluid with critical flow orifices of a cohduit) disposed 
oxidation is controlled. 



15 



omprising controlling a flow of the oxidizing 
in the opening such that a rate of 



2903. The method of cl aim 2899/ fi tftherJ^on^rising increasing a flow of the oxidizing 
fluid in the opening to ^commopate an increase in a volume of the reaction zone such 



that a rate of oxidation 



s substantially maintained within the reaction zone. 



2904. The method of claim 2899, wherein a conduit is disposed in the opening, the 
method further comprising cpoling the conduit with the oxidizing fluid such that the 
20 conduit is not substantially heated by oxidation. 



25 



30 



2905. The method of ch/im 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit. 



2906. The method ol claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at/least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising transferring substantial heat from the oxidation product in the 
conduit to the oxidizing fluid in the conduit. 
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2907. The method of claim 2899, wherein a conduit is disposed within the opening, 
wherein removing at least the portion of the oxMation product through the opening 
comprises removing at least the portion of theyoxidation product through the conduit, and 
wherein a flow rate of the oxidizing fluid in trie conduit is approximately equal to a flow 

5 rate of the oxidation product in the conduits 

2908. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion oj the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 

10 method further comprising controlling*! pressure between the oxidizing fluid and the 
oxidation product in the conduiyt^edu^p contamination of the oxidation product by the 
oxidizing fluid. 



2909. The method of clauri 2899, wherein a conduit is disposed within the opening, and 
15 wherein removing at leijst the portion of the oxidation product through the opening 

comprises removing at /east the portion of the oxidation product through the conduit, the 
method further compriiing-SttbstaiTfiall^ inhibiting the oxidation product from flowing 



into portions of the formation beyond the reaction zone. 



20 2910. The method of claim 2899, fiither comprising substantially inhibiting the 

oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



291 1 . The method of claim 2899, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 



25 comprising providing/the oxidizing fluid into the opening through the center conduit and 
removing at least a portion of the oxidation product through the outer conduit. 



2912. The method of claim 2899, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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2913. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. 

5 29 1 4. The method of claim 2899, wherein neating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 



10 



15 



2915. The method of claim 2899, wherjfein 
electrical current to at least one elongaj 



mi 



[eating the portion comprises applying 
;mber disposed within the opening. 



2916. The method of claim 2899, ^hereiri heating the portion comprises heating the 
oxidizing fluid in a heat eychanger/di spospd ext ernal to the formation such that providing 
the oxidizing fluid into tijfe opening comjpises transferring heat from the heated oxidizing 
fluid to the portion. 

291 7. The method oi claim 2899, further comprising removing water from the formation 
prior to heating the portion. 



291 8. The method of claim 2899, further comprising controlling the temperature of the 
20 formation to substantially inhibit production of oxides of nitrogen during oxidation. 



25 



2919. The method oy claim 2899, further comprising coupling an overburden casing to 
the opening, wherein/the overburden casing is disposed in an overburden of the 
formation. 

2920. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and/wherein the overburden casing comprises steel. 
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2921. The method of claim 2899 ? further comprising coupling an overburden casing to 
the opening, wherein the overburden casing isydisposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2922. The method of claim 2899, furthe/ comprising coupling an overburden casing to 
the opening, wherein a packing materials disposed at a junction of the overburden 
casing and the opening. 

2923. The method of claim £899, ^herein tl^e pyrolysis zone is substantially adjacent to 
the reaction. 



2924. A system configured to heat a coayformation, comprising: 

an electric heater disposed in an opening in the formation, wherein the electric 

heater is configured to provide heat to at least a portion of the formation during use; 

an oxidizing fluM source; / 

p — -i — J — / — 

a conduit dispo^sed/in the opening, wherein the conduit is configured to provide an 

oxidizing fluid from tl/e oxidizing fl/id source to a reaction zone in the formation during 

use, and wherein tlje^xidizing fliiic/is selected to oxidize at least some hydrocarbons at 

the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the^system is configured to allow heat to transfer substantially by 

conduction from th/reaction zoi^i to a pyrolysis zone of the formation during use. 

2925. The systpm of claim 2924, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



2926. The system of claim 2924, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 
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2927. The system of claim 2924, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



5 2928. The system of claim 2924, wherein fhe conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

2929. The system of claim 2924, wherein the conduit is further configured to remove an 



10 



oxidation product. 



2930. The system of claim 2924,/wherein the conduit is further configured to remove an 
oxidation product, such that the oxidation! product transfers heat to the oxidizing fluid. 



25 



293 1 . The system of cdaim 2924, wherein the conduit is further configured to remove an 



15 oxidation product, and wherein a flow rati 
approximately equ^/o a floj rate of the 



o of the oxidizing fluid in the conduit is 
oxidation product in the conduit. 



erem a pressurfc 



2932. The system yf\claim 2924, wherejn the conduit is further configured to remove an 
oxidation product, 



of the oxidizing fluid in the conduit and a 



20 pressure of the oxidation product in the conduit are controlled to reduce contamination of 

I ; / 

the oxidation product by/ the oxidizing fli id. 



2933. The system of claim 2924, wherein the conduit is further configured to remove an 



/ 

oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions/of the formation beyond the reaction zone. 



2934. The system of claim 2924, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



30 2935. The system of claim 2924, further comprising a center conduit disposed within 
the conduit, wherdin the center conduit is configured to provide the oxidizing fluid into 
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the opening during use, and wherein the conduit if further configured to remove an 
oxidation product during use. 

2936. The system of claim 2924, wherein thef portion of the formation extends radially 
5 from the opening a width of less than approximately 0.2 m. 



10 



2937. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

2938. The system of claim i924, furtHer comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden/ casing comprises steel. 



15 2939. The system of c 
the opening, wherein th 



20 



11112964 



comprising an overburden casing coupled to 



overburden easing is disposed in an overburden of the 



-formation, and wherein the overburden casing is further disposed in cement. 



2940. The system of claiih 2924, 
the opening, wherein a packing material 
casing and the opening. 



her comprising an overburden casing coupled to 
is disposed at a junction of the overburden 



294 1 . The system rff claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
25 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 
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2942. The sjpem of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at ayfunction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2943. The system of claim 2924, wherein the system is further configured such that 
5 transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2944. A system configurable to heat a coal formation, comprising: 

an electric heater configurable to be/disposed in an opening in the formation, 
wherein the electric heater is further^nfjgu^able to provide heat to at least a portion of 
10 the formation during use, and wherein a/leas* the portion is located substantially adjacent 
to the opening; ] / / I 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation dun ng use, and wherein the system is configurable to 
15 allow the oxidizing fluid/to oxidize at least some hydrocarbons at the reaction zone 
during use such that heay is generated at tne reaction zone; and 

wherein the sMstem is further configurable to allow heat to transfer substantially 
by conduction from tne reaction zone to a pyrolysis zone of the formation during use. 

20 2945. The system of claim 2944, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by/diffusion. 

2946. The system of claim 2944, wherein the conduit comprises orifices, and wherein 
25 the orifices are configurable to provide the oxidizing fluid into the opening. 

2947. The system of claim 2944, wherein the conduit comprises critical flow orifices, 
and wherein/the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

30 
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2948. The system of claim 2944, whereinythe conduit is further configurable to be 
cooled with the oxidizing fluid such that tpe conduit is not substantially heated by 
oxidation. 

5 2949. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product. 

2950. The system of claim 2944,/wherein the conduit is further configurable to remove 
an oxidation product such tha^He oxidation product transfers heat to the oxidizing fluid. 



10 



an oxidation produpt/and wherein a fl 



2951. The system of claim 2944, whtrein the conduit is further configurable to remove 



>w rate of the oxidizing fluid in the conduit is 



approximately equal to a floyw rate of the oxidation product in the conduit. 



15 2952. The system of claim 2944, wherein the conduit is further configurable to remove 

an oxidation p n y>ucC and wherein alpfgssurg of the oxidizing fluid in the conduit and a 

pressure of the 6kidation product in/ the conduit are controlled to reduce contamination of 

the oxidation product by the oxidizing fluid. , 
/ / 

20 2953. The system of claim 2944J wherein the conduit is further configurable to remove 
an oxidation product/, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



2954. The system of claim 2944, wherein the oxidizing fluid is substantially inhibited 
25 from flowing into portions of the formation beyond the reaction zone. 



30 



2955. The system of claim 2944, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 
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2956. The system of claim 2944, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2957. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



2958. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overbi^en^a&Mg is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



2959. The system of claim 2944, further cc ^uprising an overburden casing coupled to 



/ 



the opening, wherein Ae^overburde^ casing 



formation, and whereir 



is disposed in an overburden of the 



f the overburden casing is further disposed in cement. 



2960. The system of claim 294ft, further co mprising an overburden casing coupled to 



the opening, wherein i 
casing and the opening. 



20 2961. The system of 



the opening, wherein the overburden cas 



material is /disposed at a junction of the overburden 



clainy2944, further comprising an overburden casing coupled to 



formation, wherein a piling material is 
and the opening, and wherein the packin 
a flow of fluid between jfhe opening and 



ng is disposed in an overburden of the 



disposed at a junction of the overburden casing 
g material is configurable to substantially inhibit 
the overburden casing during use. 



2962. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein /the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, andf wherein the packing material comprises cement. 



30 
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2963. The system of claim 2944, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocaroons in the pyrolysis zone. 



2964. A system configured to heat a coal formation, comprising: 

a conductor disposed in a first conduit, /wherein the first conduit is disposed in an 
opening in the formation, and wherein the conductor is configured to provide heat to at 
least a portion of the formation during use; J 

an oxidizing fluid source; 

a second conduit disposed in the Opening, wherein the second conduit is 
configured to provide an oxidizingiluid nom the oxidizing fluid source to a reaction 
zone in the formation during use; and/wheiein the oxidizing fluid is selected to oxidize at 
least some hydrocarbons at the reaction zo le during use such that heat is generated at the 



reaction zone; and 

wherein the syste 
conduction from the reac 



2965. The system of c 



heat in the reaction zone such that t 



zone substantially by diffusion. 




configured/to allow heat to transfer substantially by 
zone to^Tpjq-olysis zone of the formation during use. 



bin the oxidizing fluid is configured to generate 
xidizing fluid is transported through the reaction 



2966. The system of claim 2964, wherein the second conduit comprises orifices, and 
wherein the orifices are configured to provide the oxidizing fluid into the opening. 



2967. The system of claim 2964, wherein the second conduit comprises critical flow 
orifices, and wherein the critical flow orifices are configured to control a flow of the 

oxidizing fluid such that a rate of oxidation in the formation is controlled. 

/ 

2968. The system of claim 2964, wherein the second conduit is further configured to be 
cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 
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2969. The system of claim 2964, wherein the seconcyconduit is further configured to 
remove an oxidation product. 

2970. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product such that the oxidation product transfers heat to the 
oxidizing fluid. 



2971. The system of claim 2964, wherein/the second conduit is further configured to 
remove an oxidation product, and^fierbin a flow rate of the oxidizing fluid in the conduit 
10 is approximately equal to a fkw rate ofihe oxidation product in the second conduit. 



15 



2972. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure/of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 



20 



2973. The systenyofcMirT 



HAthe second conduit is further configured to 



remove an oxidation/ product, and wherein the oxidation product is substantially inhibited 



from flowing into 



)rtions/of the formation beyond the reaction zone. 



2974. The system of claim 2964 wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2975. The system of claim 2964, further comprising a center conduit disposed within 
25 the second conduit/ wherein the center conduit is configured to provide the oxidizing 

fluid into the opening during use, and wherein the second conduit is further configured to 
remove an oxidation product during use. 

2976. The system of claim 2964, wherein the portion of the formation extends radially 
30 from the opening a width of less than approximately 0.2 m. 
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2977. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

5 2978. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2979. The system of claim 2964f further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein ttte/)verburdehjcasing is further disposed in cement. 



O 2980. The system of claim 2964, further comprising an overburden casing coupled to 

S the opening, wherein ^/packing material is disposed at a junction of the overburden 

+= 1 5 casing and the openir 



- 2981 . The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
20 and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

/ 

/ 

2982. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

25 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2983. The system of claim 2964, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



30 



2984. A system configurable to heat a coal formation, comprising: 
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a conductor configurable to be disposed in a/first conduit, wherein the first 
conduit is configurable to be disposed in an opening in the formation, and wherein the 
conductor is further configurable to provide heat/ro at least a portion of the formation 
during use; 

a second conduit configurable to be disposed in the opening, wherein the second 
conduit is further configurable to provide an/oxidizing fluid from an oxidizing fluid 
source to a reaction zone in the formation during use, and wherein the system is 
configurable to allow the oxidizing fluid to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is furth^cpnfigurable to allow heat to transfer substantially 
by conduction from the reactiopfz^e/o\ pyrolysis zone of the formation during use. 

2985. The system of claim 2984, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zon/ such that the oxidizing fluid is transported through the reaction 
zone substantially by je^ffusion. / j 

/ / 

2986. The systeny of claim 2984, wherein the second conduit comprises orifices, and 
wherein the orifid^arex^ the oxidizing fluid into the opening. 

2987. The system of claim 2984, wherein the second conduit comprises critical flow 
orifices, and wmerein the critical fldw orifices are configurable to control a flow of the 
oxidizing fluid such that a rate of/oxidation in the formation is controlled. 



2988. The system m claim 2984, wherein the second conduit is further configurable to 
be cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 



2989. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product. 
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2990. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product such that the 9/xidation product transfers heat to the 
oxidizing fluid. 

5 2991 . The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow ra/e of the oxidation product in the second conduit. 

2992. The system of claim 2984, wherein the second conduit is further configurable to 
10 remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 

conduit and a pressure optlWoxidation product in the second conduit are controlled to 
reduce contamination'of the Axidation product by the oxidizing fluid. 

2993. The system of claim 2984, wherein the second conduit is further configurable to 
15 remove an oxidation product and wherein the oxidation product is substantially inhibited 

from flowing mto portions of the formation beyond the reaction zone. 

2994. The fivfetem^rct^i^984, wherein the oxidizing fluid is substantially inhibited 



20 



25 



from flowi: 



2995. Th< 



'into portions /of the formation beyond the reaction zone. 



f system of claim 2984, further comprising a center conduit disposed within 
the second conduit, wherein center conduit is configurable to provide the oxidizing fluid 
into the opening during use, and wherein the second conduit is further configurable to 
remove an oxidation product during use. 

2996. The system of claim 2984, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2997. The system of claim 2984, further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 

formation. 
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2998. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is d/sposed in an overburden of the 
formation, and wherein the overburden casing/comprises steel. 



2999. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburdeneasing is further disposed in cement. 



10 3000. The system of claim 2#84, furthei 



t/ri 



comprising an overburden casing coupled to 



the opening, wherein a pacjdng material p disposed at a junction of the overburden 
casing and the opening./ 

3001 . The system of claim 2984, further comprising an overburden casing coupled to 



15 the opening, whereir 



j 



_ . ^Auid^^asing is disposed in an overburden of the 
formation, wherein d backing material isclisposed at a junction of the overburden casing 
and the opening, aim/wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



20 



25 



3002. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

and the opening, and wherein the packing material comprises cement, 

/ 

3003. The system of claim 2984, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



30 



3004. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to a conductor disposed in a first conduit 
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to provide heat to the portion, and wherein the firsyconduit is disposed within the 
opening; 

providing the oxidizing fluid to a reactiori zone in the formation; 
allowing the oxidizing fluid to react wit^ at least a portion of the hydrocarbons at 
5 the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3005. The method of claim 3004, further comprising transporting the oxidizing fluid 
10 through the reaction zone by diffosj^^ 

3006. The method of claim^04 ? ^rther/comprising directing at least a portion of the 
oxidizing fluid into the opening through qrifices of a second conduit disposed in the 
opening. 



4= 15 




3007. The method ofj$ahxL2QQ$rf^^ controlling a flow of the oxidizing 

If t I 

fluid with critical flow|orifices of a sejcond conduit disposed in the opening such that a 
rate of oxidation is controlled. 

/ 

20 3008. The method of claim 3004, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3009. The method of claim 3004, wherein a second conduit is disposed in the opening, 
25 the method further comprising cooling the second conduit with the oxidizing fluid to 
reduce heating of the second conduit by oxidation. 



3010. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprisinj 
30 formation through the second conduit. 



opening, the method further comprising removing an oxidation product from the 



645 Conley, Rose & Tayon, P C. 



3011. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing/an oxidation product from the 
formation through the second conduit and transferring heat from the oxidation product in 
the conduit to the oxidizing fluid in the second/conduit. 

/ 

3012. The method of claim 3004, wherein/a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit, wherein a flow rate of the oxidizing fluid in the 
second conduit is approximately equal /to a flow rate of the oxidation product in the 

second conduit. ^j* 

I 

3013. The method of clainy^004,/wherdin a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second codduit aid controlling a pressure between the oxidizing 
fluid and the oxidatior/product in the second conduit to reduce contamination of the 
oxidation product bWthe oxidizing flui/l. 




3014. The method/of claim 3004, Wherein a second conduit is disposed within the 
opening, the metMd further comprising removing an oxidation product from the 
formation through the conduit and/substantially inhibiting the oxidation product from 
flowing into portions of the formation beyond the reaction zone. 



3015. The method/of claim 3004, further comprising substantially inhibiting the 

oxidizing fluid frcpi flowing into portions of the formation beyond the reaction zone. 

/ 

t 

3016. The method of claim 3004, wherein a center conduit is disposed within an outer 
conduit, and yherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 
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3017. The method of claim 3004, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

301 8. The method of claim 3004, further composing removing water from the formation 
5 prior to heating the portion. 

3019. The method of claim 3004, further c/mprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



10 



20 



25 



30 



3020. The method of claim 3004, furttfer comprising coupling an overburden casing to 
the opening, wherein the overb^den^asjng is disposed in an overburden of the 
formation. 



ism 



302 1 . The method of claim 300f , further 



15 the opening, wherein me overbidden casing is disposed in an overburden of the 



formation, and whe 



Tin the ovsrburden ca: 



comprising coupling an overburden casing to 



ing comprises steel. 



3022. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, where n the^erbufdeaxasiW disposed in an overburden of the 
formation, and wherein ttte overburden casing is further disposed in cement. 



3023. Themethoc 



oi/claim 3004, further comprising coupling an overburden casing to 
is disposed at a junction of the overburden 



the opening, whereiiya packing materia 
casing and the opening. 



3024. A systenyconfigured to heat a coal formation, comprising: 

an insulated conductor disposed in an opening in the formation, wherein the 

insulated concjdetor is configured to provide heat to at least a portion of the formation 

during use; 

an oxidizing fluid source; 
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a conduit disposed in the opening, wherein the coriduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow /heat to transfer substantially by 
conduction from the reaction zone to a pyroly sis/zone of the formation during use. 



10 



3025. The system of claim 3024, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxisli^ing fluid is transported through the reaction 
zone substantially by diffusion. 



3026. The system of claim 30?4, Wherein the conduit comprises orifices, and wherein 
the orifices are configured to^rovide the oxidizing fluid into the opening. 

15 3027. The system of claiin 3024, wherein the conduit comprises critical flow orifices, 
and wherein the critical fiew-orifices are configured to control a flow of the oxidizing 
fluid such that a rate o^xidatioA in the ftmnation is controlled. 



3028. The system of/claim 3024, wherein the conduit is configured to be cooled with the 
20 oxidizing fluid such pat the/conduit is not substantially heated by oxidation. 

3029. The system of clapi 3024, wherein the conduit is further configured to remove an 
oxidation product. 

25 3030. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the conduit is further configured such that the oxidation 
product transfers substantial heat to the oxidizing fluid. 

303 1 . The system of claim 3024, wherein the conduit is further configured to remove an 
30 oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



648 



Conley, Rose & Tayon, P.C. 



10 
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3032. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the second conduit and 
a pressure of the oxidation product in the conduit ^re controlled to reduce contamination 
of the oxidation product by the oxidizing fluid. 



3033. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 



flowing into portions of the formation/beyonc 



the reaction zone. 



3034. The system of claim 3024, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions o^ihe formation beyond the reaction zone. 

3035. The system of claffm 3024, further comprising a center conduit disposed within 
15 the conduit, wherein tWcenter/conduit is^configured to provide the oxidizing fluid into 

the opening during use/^Tw^ is further configured to remove an 



i r 



oxidation product during usi 



3036. The system of claim 3024, ^herein the portion of the formation extends radially 
20 from the opening a width of less than approximately 0.2 m. 

3037. The system of claim 3024, further comprising an overburden casing coupled to 

the opening, wherein the overburden casing is disposed in an overburden of the 

/ 

formation. 



3038. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, arid wherein the overburden casing comprises steel. 

/ 
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3039. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed/in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3040. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3041 . The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing/is disposed in an overburden of the 
formation, wherein a packing materiaHs disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the open/ng and tiie overburden casing during use. 



3042. The system of clainr#024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing^ at a junction of the overburden casing 
and the opening, and whjfe^ein the packipg^naierial comprises cement. 

/ 

3043. The system of cjfaim 3024, wMerein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

/ 

3 044 . A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to be disposed in an opening in the formation, 
wherein the insulated conductor is further configurable to provide heat to at least a 
portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in tlie formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use suc^ that heat is generated at the reaction zone; and 
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wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolvsis zone of the formation during use. 

3045. The system of claim 3044, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidi/ing fluid is transported through the reaction 
zone substantially by diffusion. 
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3046. The system of claim 3044, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3047. The system of claim / ^044 5 yherein the conduit comprises critical flow orifices, 

xe configurable to control a flow of the oxidizing 

fluid such that a rate of/6xidatioiVin the formation is controlled. 

3048. The system df claim 3044, wherein the conduit is further configurable to be 
cooled with the oximzmg-fl^^^ that the conduit is not substantially heated by 
oxidation. 



3049. The system of claim 3044, wherein the conduit is further configurable to remove 
20 an oxidation product. 

3050. The system of dlaim 3044, wherein the conduit is further configurable to remove 
an oxidation product, Such that the oxidation product transfers heat to the oxidizing fluid. 



25 305 1 . The system 6f claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



3052. The system of claim 3044, wherein the conduit is further configurable to remove 
30 an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
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pressure of the oxidation product in the conduit gfre controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3053. The system of claim 3044, wherein tMe conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



10 
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3054. The system of claim 3044, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3055. The system of claim 3044, further comprising a center conduit disposed within 



the conduit, wherein centerjg6ndui't is configurable to provide the oxidizing fluid into the 
opening during use, and wfterein/the conduit is further configurable to remove an 
oxidation product during/ise. 

3056. The system o£4tedxxi3044, wherein the portion of the formation extends radially 
from the opening a wMth of/less thmi^K^dmately 0.2 m. 

3057. The system of claim 3044, further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 



formation. 



3058. The system cjt claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

25 formation, and wherein the overburden casing comprises steel. 

3059. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wnerein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



30 
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3060. The system of claim 3044, further comprising/an overburden casing coupled to 
the opening, wherein a packing material is disposedyat a junction of the overburden 
casing and the opening. 

3061 . The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening andjhe overburden casing during use. 

3062. The system of claim 30^4, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a paccing materia^ is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3 063 . The system of < 



-3G44^hereitt4hQ .system is further configurable such that 



transferred heat can pvtiblyze at least some hydrocarbons in the pyrolysis zone. 

3064. An in situ method for heating a ccp formation, comprising: 
20 heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to an insulated conductor to provide heat 
to the portion, and wherein/the insulated conductor is disposed within the opening; 
providing the oxidizing fluid to a reaction zone in the formation; 
25 allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 

the reaction zone to generate heat at the reaction zone; and 

transferring the/generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone inithe formation. 



30 3065. The method pf claim 3064, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 
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3066. The method of claim 3064, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices </f a conduit disposed in the opening. 

3067. The method of claim 3064, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

3068. The method of claim 30^4, further^omprising increasing a flow of the oxidizing 



j, 



10 fluid in the opening to accommodate artindrease in a volume of the reaction zone such 
that a rate of oxidation is substantially/consflant over time within the reaction zone. 

j 

3069. The method of claim 3064, wherein a conduit is disposed in the opening, the 
method further comprising cooling/the con( uit with the oxidizing fluid to reduce heating 
1 5 of the conduit by oxidaxic 



n. 



3070. The method of 
method further compr: sijng rer/iovr 
the conduit. 



!aim 3Qb4, wherei i 



a conduit is disposed within the opening, the 



a ddation product from the formation through 



3071 . The method of claim 3064, wherei ti a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the comduit. 

3072. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein A flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 



30 



654 



Conley, Rose & Tayon, P.C. 




3073. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between/the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



10 
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3074. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially iijWW^^the oxidation product from flowing into portions 
of the formation beyond the/reaction zoiie. 

3075. The method olf claim 3064, further comprising substantially inhibiting the 



oxidizing fluid from 



wing iAto portions of the formation beyond the reaction zone. 



/ 



3076. The method^bf claim 3064, wherein a center conduit is disposed within an outer 
njthe duter conduit/ is disposed within the opening, the method further 



conduit, and where 
comprising provid 



4izjng fluid into the opening through the center conduit and 



removing an oxidation product througfrthe outer conduit. 



3077. Themetho 
from the opening a' 



claim 3064, wherein the portion of the formation extends radially 



idth of less than approximately 0.2 m. 



3078. The methAd of claim 3064, further comprising removing water from the formation 
prior to heating me portion. 

3079. The method of claim 3064, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3080. The method of claim 3064, further comprising coupling an overburden casing to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
formatior 
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3081 . The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

/ 

3082. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden/casing is further disposed in cement. 



10 3083. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein a packing material^ disposed at a junction of the overburden 
casing and the opening. 



15 



3084. The method of cla 
the reaction zone. 



306^, wherein the pyrolysis zone is substantially adjacent to 



3= 



20 



25 



3085. An in situ methdd for heating aiboal formation, comprising: 

heating a portion of the formatifon to a temperature sufficient to support reaction 

of hydrocarbons withir/ the p^brtiorroyfe^rmation with an oxidizing fluid, wherein the 

portion is located sub stantially adjacent to an opening in the formation, wherein heating 
/ ' / 

comprises applying a| electrical current to an insulated conductor to provide heat to the 
portion, wherein the insulated conductor is coupled to a conduit, wherein the conduit 
comprises critical flow orifices, anp wherein the conduit is disposed within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 

i 



to a pyrolysis zone in formation 



30 3086. The method of c 



aim 3085, further comprising transporting the oxidizing fluid 



through the reaction zone by diffusion 
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3087. The method of claim 3085, further comprising Controlling a flow of the oxidizing 
fluid with the critical flow orifices such that a rate of oxidation is controlled. 

5 3088. The method of claim 3085, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase/in a volume of the reaction zone such ' 
that a rate of oxidation is substantially constan/over time within the reaction zone. 

3089. The method of claim 3085, further comprising cooling the conduit with the 
10 oxidizing fluid to reduce heating of the conduit by oxidation. 



3090. The method of claim 308^fur^r comprising removing an oxidation product 
from the formation through the conduit. 

15 3091 . The method of claim 3085/furtlier comprising removing an oxidation product 
from the formation thromm the conduijf and transferring heat from the oxidation product 
in the conduit to the oxidising fluid in the conduit. 

J 



20 



3092. The method o^ plaim/3085, further comprising removing an oxidation product 
from the formation 1 

conduit is approximately y equal to a flow rate of the oxidation product in the conduit. 



25 



3093. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the conduit to reduce contamination of the oxidation 
product by the oxidizing fluid. 



3094. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and substantially inhibiting the oxidation product 

30 from flowing into portions of the formation beyond the reaction zone. 

f 

i 
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3095. The method of claim 3085, further comprising Substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3096. The method of claim 3085, wherein a center conduit is disposed within the 

5 conduit, the method further comprising providing the oxidizing fluid into the opening 
through the center conduit and removing an oxidation product through the conduit. 



10 



15 



20 



3097. The method of claim 3085, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3098. The method of claim 3085, futfhe^omprising removing water from the formation 
prior to heating the portion. 

3099. The method of claiita'3085, further Comprising controlling the temperature of the 
formation to substantiall^nhibit pryductiyn of oxides of nitrogen during oxidation. 

h. ■ * 

3100. The method o^cjaim 3085, further comprising coupling an overburden casing to 



the opening, whereinit bfe overburd en 
formation 



sing is disposed in an overburden of the 



3101. The method/of claim' 3085,/further comprising coupling an overburden casing to 
the opening, wherein the c^verburaen casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

/ 

25 3 102. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein' the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3 103. The method of claim 3085, further comprising coupling an overburden casing to 
30 the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the/opening. 
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3 104. The method of claim 3085, wherein the p/rolysis zone is substantially adjacent to 
the reaction zone. 

5 3 105. A system configured to heat a coal formation, comprising: 

at least one elongated member disposed in an opening in the formation, wherein at 
least the one elongated member is configipd to provide heat to at least a portion of the 
formation during use; 

an oxidizing fluid source; 
10 a conduit disposed in the opening, wherein the conduit is configured to provide an 

oxidizing fluid from the oxidizingJMd source to a reaction zone in the formation during 
use, and wherein the oxidizing^fluia is selected to oxidize at least some hydrocarbons at 
the reaction zone during ^such^nauheat is generated at the reaction zone; and 
wherein the syst#n is configured to allow heat to transfer substantially by 
15 conduction from the reaction zone to a pyrolysis zone of the formation during use. 



20 



3 106. The system pfclaim 3 105 /wherein the oxidizing fluid is configured to generate 
heat in the reaction zone su£htK|rthe oxidizing fluid is transported through the reaction 
zone substantially/by diffusion./ 

3 107. The system of claim^'105, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 



3 108. The system/of claim 3 105, wherein the conduit comprises critical flow orifices, 
25 and wherein the critical flow orifices are configured to control a flow of the oxidizing 

fluid such that a rate of oxidation in the formation is controlled. 

3 109. The system of claim 3 105, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

30 
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3110. The system of claim 3 1 05, wherein the conduit is further configured to remove an 
oxidation product. 

3111. The system of claim 3105, wherein the conduit is further configured to remove an 
oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

3112. The system of claim 3105, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3113. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by th^/oxidizipg flyd. 

* , / 

3114. The system of claim 3 105/ wherein the conduit is further configured to remove an 

oxidation product, and/wherein the oxidation product is substantially inhibited from 

Jl/L_ / / 
flowing into portions yyf tEe*fbi?mation beyond the reaction zone. 

/ 

3115. The system 6f claim/3 105, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions/of theVformation beyond the reaction zone. 

3116. The system of claim 3 1 05, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. 

3117. The system of claim 3105, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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3118. The system of claim 3 105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is di/posed in an overburden of the 
formation. 

5 3119. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3 120. The system of claim 3 105, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3121. The system of claim 3 1 0#, further comprising an overburden casing coupled to 
the opening, wherein a pac^cipg material i^ disposed at a junction of the overburden 

15 casing and the opening. 



3 122. The system of claim 3 1 05, further comprising an overburden casing coupled to 
the opening, wherein thiovertrafdeu^casing is disposed in an overburden of the 
formation, wherein a packing material's disposed at a junction of the overburden casing 

20 and the opening, and \jherein the pacing material is configured to substantially inhibit a 
flow of fluid between the^opening andf the overburden casing during use. 

3123. The system of claim 3 105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

25 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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3 1 24. The system of claim 3105, wherein the system is further configured such that 
transferred heat/can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3 125. A system configurable to heat a coal formation, comprising: 
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at least one elongated member configurable to be disposed in an opening in the 
formation, wherein at least the one elongated member is further configurable to provide 
heat to at least a portion of the formation during usfe; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
5 further configurable to provide an oxidizing flu/d from the oxidizing fluid source to a 
reaction zone in the formation during use, ancy wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
10 by conduction from the reaction zone to/a pyrolysis zone of the formation during use. 

3 126. The system of claim 3 125, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone sucMhat t^e oxydizing fluid is transported through the reaction 
zone substantially by diffusion. 

15 

3 127. The system of claim 3 125, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to' provide the oxidizing fluid into the opening. 

3128. The system pi claim/3 125, wherein the conduit comprises critical flow orifices, 

20 and wherein the cripcal flow orifices are configurable to control a flow of the oxidizing 

/ / 

fluid such that a rate of oxidation in the formation is controlled. 



/ 



3129. The system of claim 3 125, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 

25 oxidation. ' 

/ 

3130. The system of claim 3125, wherein the conduit is further configurable to remove 
an oxidation pro/uct. 

30 3131. The system of claim 3125, wherein the conduit is further configurable to remove 
an oxidationyproduct such that the oxidation product transfers heat to the oxidizing fluid. 
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3 132. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3133. The system of claim 3 1 25, whereip the conduit is further configurable to remove < 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizmg>fluid. 

3 134. The system of claim 3/2o, wherein the conduit is further configurable to remove 
an oxidation product, and Wherein the/oxidation product is substantially inhibited from 

r\ Jl ' I 

flowing into portions of $e formatio/i beyond the reaction zone. 

/ 

3 135. The system oydaim 3125/ wherein the oxidizing fluid is substantially inhibited 
from flowing into p<mions"Df4jje formation beyond the reaction zone. 

/ / - 

3 136. The systerrf of claim 31 25, further comprising a center conduit disposed within 

i 

the conduit, wherein centenconduit is configurable to provide the oxidizing fluid into the 
opening during use, and \yherein the conduit is further configurable to remove an 
oxidation product during use. 

3 1 37. The system of claim 3125, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

r 

I 

I 

3138. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

/ 
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3 1 39. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3 140. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing/is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3141. The system of claim 3 125, further comprising an overburden casing coupled to 

/ 

10 the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3 142. The system of claim 3 125, further comprising an overburden casing coupled to 

f / / / 

the opening, whereirythp overburden casing is disposed in an overburden of the 

15 formation, wherein a packing material is disposed at a junction of the overburden casing 

// / 

and the opening, and wherein the packing material is configurable to substantially inhibit 

// / / 

a flow of fluid between the opening and the overburden casing during use. 

— /' 

/ 

J 

3 143. The system of claim 3 125, furtKer comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3 144. The system of claim 3 125, wherein the system is further configurable such that 
25 transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3 145. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 

30 heating/comprises applying an electrical current to at least one elongated member to 

/ 

/ 
/ 
/ 
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provide heat to the portion, and wherein at least tlje one elongated member is disposed 
within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
5 the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3 146. The method of claim 3 145, further comprising transporting the oxidizing fluid 
10 through the reaction zone by chfiusion. 

3 147. The method ofpaim 3145, further comprising directing at least a portion of the 

oxidizing fluid intoype opening through orifices of a conduit disposed in the opening. 

/ 

/ 

15 3 1 48. The methbd of claim 3 1 45, further comprising controlling a flow of the oxidizing 
fluid with criti cal flow orifi ces pf a conduit disposed in the opening such that a rate of 

oxidation is controlled! 

/ 

/ 

3149. The method of claim 3145, further comprising increasing a flow of the oxidizing 
20 fluid in thejopening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is/substantially constant over time within the reaction zone. 



3150. The method of claim 3 145, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
25 of the conduit by oxidation. 



3151. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit 

30 
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3 152. The method of claim 3145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 



10 



15 



3 153. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an^oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation p/oduct in the conduit. 



3 154. The method of claim 3 14^/wherein a conduit is disposed within the opening, the 



method further comprising rgmovinj 



product in the condj4it/o reduce com 
fluid 



an oxidation product from the formation through 



the conduit and controlling a pressure between the oxidizing fluid and the oxidation 




ination of the oxidation product by the oxidizing 



3155. The method of claim 314^, wherein a conduit is disposed within the opening, the 
method further Jcom^siiigremoving an oxidation product from the formation through 
the conduit and substantially"]^ the oxidation product from flowing into portions 



20 of the formation bey one/the redaction zone. 



/ 



3 156. The method of dairy 3 145, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



25 3157. The method of claim 3 145, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

30 3 1 58. The method of claim 3 145, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

/ 
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3 159. The method of claim 3 145, further comprising removing water from the formation 
prior to heating the portion. 

5 3 160. The method of claim 3 145, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3161. The method of claim 3145, further c/mprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
10 formation. 



3 1 62. The method of claim 3 145, further comprising coupling an overburden casing to 

the opening, wherein the overburden/casing is disposed in an overburden of the 

/ / / 

formation, and wherein the overburden casing comprises steel. 

3 163. The method of cjaim 3 14,5, further comprising coupling an overburden casing to 



15 



the opening, wherein tne overburden casing is disposed in an overburden of the 
formation, and wher^mthe ovirburden casing is further disposed in cement. 



20 3 1 64. The method Jof claim 3 1 45/ further comprising coupling an overburden casing to 

// ; / 

the opening, wherein a packing rpaterial is disposed at a junction of the overburden 
casing and the opeping. / 

. / 

/ 

3 165. The method ofyblaim 3 145, wherein the pyro lysis zone is substantially adjacent to 
25 the reaction zone. 

3166. A system configured to heat a coal formation, comprising: 
a heat exchanger disposed external to the formation, wherein the heat exchanger 

is configured to Heat an oxidizing fluid during use; 
30 a conduit disposed in the opening, wherein the conduit is configured to provide 

the heated oxidizing fluid from the heat exchanger to at least a portion of the formation 
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during use, wherein the system is configured to allAv heat to transfer from the heated 
oxidizing fluid to at least the portion of the formation during use, and wherein the 
oxidizing fluid is selected to oxidize at least some hydrocarbons at a reaction zone in the 
formation during use such that heat is generates at the reaction zone; and 

wherein the system is configured to al/ow heat to transfer substantially by 
conduction from the reaction zone to a pyrowsis zone of the formation during use. 

3 167. The system of claim 3 166, whereip the oxidizing fluid is configured to generate 
heat in the reaction zone such that the o^dizing fluid is transported through the reaction 
zone substantially by diffusion. 



3168. The system of claim 3 1 66yv^rein the conduit comprises orifices, and wherein 
the orifices are configured to provide tl e oxidizing fluid into the opening. 

3169. The system of claim 3 1 66/ wherein the conduit comprises critical flow orifices, 
and wherein the critical/flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate oiyoxidatiqn in tt/e formation is controlled. 



3 1 70. The systemagclaim 3A 66, \wierein the conduit is further configured to be cooled 
with the oxidizing flfuid suclythat me conduit is not substantially heated by oxidation. 



3171. The systemtfof clai^ji 3 1 66/ wherein the conduit is further configured to remove an 
oxidation product./ 



3 1 72. The system of claim 3 H56, wherein the conduit is further configured to remove an 
oxidation product, sucM that the oxidation product transfers heat to the oxidizing fluid. 



3 1 73. The system off claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product, amd wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 
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3 174. The system of claim 3 166, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

5 

3175. The system of claim 3 166, wherein the ccmduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyona the reaction zone. 

10 3 176. The system of claim 3 166, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3 1 77. The system of claim 3 1 66, fucthencomprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
15 the opening during use, 2nd where/n the yonduit is further configured to remove an 
oxidation product during 7 use. 



3 178. The system oy claim 3 f66, wherein the portion of the formation extends radially 
from the opening a/\pdth of Jes:THi&i^pproximately 0.2 m. 

20 // / 

3 1 79. The systei$ of claim 3 1 66, further comprising an overburden casing coupled to 

the opening, wherein the4verburc)en casing is disposed in an overburden of the 

/ 

formation. / 

/ 

/ 

25 3180. The system o'f claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3181. The syjtem of claim 3 1 66, further comprising an overburden casing coupled to 
30 the opening, ^vherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3 1 82. The system of claim 3 166, further comprisftng an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

5 

3183. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is^aisposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 

10 flow of fluid between the opening and/the overburden casing during use. 



3 1 84. The system of clairn^66, further (Umprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

15 and the opening, and \^ierein the packing/material comprises cement. 

// / . 

3185. A system carjfigurablje to heat a aoal formation, comprising: 
a heat exchanger configurablejof be disposed external to the formation, wherein 

the heat exchangees-fort^ to heat an oxidizing fluid during use; 

20 a conduit/ configurable to be d/sposed in the opening, wherein the conduit is 

III 
further configurable to provide the hfeated oxidizing fluid from the heat exchanger to at 

// / / 
least a portionfef the formation durmg use, wherein the system is configurable to allow 

// 1 I 
heat to transfer from the heated o^dizing fluid to at least the portion of the formation 

during use, <$hd wherein the system is further configurable to allow the oxidizing fluid to 

25 oxidize at least some hydrocarbons at a reaction zone in the formation during use such 

/ / 
that heat is generated at the region zone; and 

wherein the system is further configurable to allow heat to transfer substantially 

by conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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3 1 86. The system of claim 3185, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

5 3187. The system of claim 3 1 85, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



3188. The system of claim 3185, wherehHhe/conduit comprises critical flow orifices, 



and wherein the critical flow orifices^e confr 

/ ' 



10 fluid such that a rate of oxidation in the formation is controlled 



;urable to control a flow of the oxidizing 



15 



3 1 89. The system of claim 31/85, wherein thfe conduit is further configurable to be 
cooled with the oxidizing flind such that the /conduit is not substantially heated by 
oxidation. 

/ 

3 190. The system of c&im 3185, y whereii/ the conduit is further configurable to remove 
an oxidation product. / — 



7 



3191. The system of claim 3 185, wherefin the conduit is further configurable to remove 
20 an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



3 1 92. The system of claim 3 1 85, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 



25 



approximately equal to a flow rate of the oxidation product in the conduit. 



3 1 93. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 



30 
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3 1 94. The system of claim 3185, wherein the conduijt is further configurable to remove 
an oxidation product, and wherein the oxidation promict is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

5 3195. The system of claim 3185, wherein the/oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



O 
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3 1 96. The system of claim 3185, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 



opening during use, and wherein 
oxidation product during use 




nd conduit is further configurable to remove an 



3 1 97. The system of claim/3 185, where ji the portion of the formation extends radially 
from the opening a width <jf less than approximately 0.2 m. 

15 

3 1 98. The system of clAliit^J^^fixrthir comprising an overburden casing coupled to 
the opening, wherein tl^iove^burdenc^singis disposed in an overburden of the 
formation. 



20 31 99. The system of (flaim 3185, further comprising an overburden casing coupled to 
the opening, wherein the /verburden casing is disposed in an overburden of the 
formation, and wherein me overburden casing comprises steel. 



3200. The system of/claim 3 1 85, further comprising an overburden casing coupled to 
25 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3201 . The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 

30 casing and the opening. 
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3202. The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is aisposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening anjA the overburden casing during use. 



3203. The system of claim 3 1 85, fiihher comprising an overburden casing coupled to 

the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a pacldng^a^rial is disposed at a junction of the overburden casing 

/ . A 

10 and the opening, and wherein the backing material comprises cement. 



fcsf 



NDC (HEAT EXCHANGER PREHEATING METHOD) 

3204. An in situ &ethod formeating a coal formation, comprising: 

heating abortion of pie ^formation to a temperature sufficient to support reaction 



£ 15 of hydrocarbon: 

heating comprises 



in th Jpoi/tion of the formation with an oxidizing fluid, wherein 



heating the oxidizing /fluid with a heat exchanger, wherein the heat exchanger is 
disposed extjlrnal to th^ormation; 

providing the h'eated oxidizing fluid from the heat exchanger to the portion of the 
20 formation; and / 

allowing heat to transfer from the heated oxidizing fluid to the portion of the 
formation; 

providing the oxidizing fluid to a reaction zone in the formation; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
25 the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis^zone in the formation. 



3205. The^method of claim 3204, further comprising transporting the oxidizing fluid 
30 through the reaction zone by diffusion. 
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3206. The method of claim 3204, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3207. The method of claim 3204, further comprising controlling a flow of the oxidizing 
5 fluid with critical flow orifices of a conduit deposed in the opening such that a rate of 

oxidation is controlled. 

3208. The method of claim 3204, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an Increase in a volume of the reaction zone such 

10 that a rate of oxidation is substantially constant over time within the reaction zone. 

3209. The method of claim 3204, wierW a conduit is disposed in the opening, the 
Q method further comprising coolingyfhe conduit with the oxidizing fluid to reduce heating 
S of the conduit by oxidati^ 
f 15 

jp; 3210. The method of <jjlaim 32,04, wherein a conduit is disposed within the opening, the 

rl method further comp^ing^^oving ^n oxidation product from the formation through 

s the conduit. 

11 Jf 20 3211. The method of claim 3204/ wherein a conduit is disposed within the opening, the 
O method further comprising removing an oxidation product from the formation through 

the conduit and transferring heat from the oxidation product in the conduit to the 

oxidizing fluid in the cpnduit. 

/ 

b 

25 32 12. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

/ 

Let 

f 

method further comprising removing an oxidation product from the formation through 



30 32 1 3. The method of claim 3204, wherein a conduit is disposed within the opening, the 
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the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 



20 



3214. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 




10 3215. The method of claim 3204, lurther comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 



U 3216. The methofl of claim 3204,Avherein a center conduit is disposed within an outer 

gg conduit, and wherein the outer conduit is disposed within the opening, the method further 

^ 15 comprising providing the oxidizimg fluid into the opening through the center conduit and 
ap removing an oxidation product through the outer conduit. 

^ 3217. The method of claim 3C04, wherein the portion of the formation extends radially 

jf from the opening a width of less than approximately 0.2 m. 



3218. The method of clahfo 3204, further comprising removing water from the formation 
prior to heating the portion. 



3219. The method of claim 3204, further comprising controlling the temperature of the 
25 formation to/substantially inhibit production of oxides of nitrogen during oxidation. 

3220. The method of claim 3204, further comprising coupling an overburden casing to 
the openpg, wherein the overburden casing is disposed in an overburden of the 
format^ 

30 
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3221 . The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing /omprises steel. 

/ 

3222. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3223. The method of claim 3204, furper comprising coupling an overburden casing to 
10 the opening, wherein a packing matem^is disposed at a junction of the overburden 

casing and the opening. 

3224. The method of claip 3204 y ( where n the pyrolysis zone is substantially adjacent to 
the reaction zone. 



4= 15 



20 



25 



f in a heattr, wherein the heater is disposed external to the 



30 



3225. An in situ methid for heating a/coal formation, comprising: 

heating a portion ef^hejormauon to a temperature sufficient to support reaction 

of hydrocarbons within th^e portion of/the formation with an oxidizing fluid, wherein 

heating comprises: 

oxidizing a fuel 

formation; 

providing the oxidized fuel^as from the heater to the portion of the formation; 

and 

allowing heat to /transfer from the oxidized fuel gas to the portion of the 
formation; 

providing the cicidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring ttte generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone.im the formation. 
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3226. The method of claim 3225, further comprising transporting the oxidizing fluid 



through the reaction zone by diffusion. j 



3227. The method of claim 3225, further comprising directing at least a portion of the 
5 oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3228. The method of claim 3225, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 

10 

3229. The method of claim 3225<4urthfcr comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an iricrease in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

1 

15 3230. The method oj^claim 3225, wherein a conduit is disposed in the opening, the 

/. / 

method further comprising cooling the conduit -with the oxidizing fluid to reduce heating 

// . / .<: ' 

of the conduit by oxidation. ; 



i 

323 1 . The method of claim 3225, wherein a conduit is disposed within the opening, the 
20 method further ccjipprising/removing an oxidation product from the formation through 

the conduit. 

3232. The method of cjaim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 

25 the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the ionduit. 

3233. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 

30 the conduit, wherei* a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate/ of the oxidation product in the conduit. 
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3234. The method of claim 3225, wherein a condiait is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contaminatioja of the oxidation product by the oxidizing 
fluid. 

3235. The method of claim 3225, whereiA a conduit is disposed within the opening, the 
method further comprising removing ^rpxi^ation product from the formation through 
the conduit and substantially inhibiting me oxipation product from flowing into portions 
of the formation beyond the reaction zpne. 



3236. The method of clai 
oxidizing fluid from flowi 



3237. The method of 
conduit, and wherein the 
comprising providing the 



^225, further comprising substantially inhibiting the 

/ /' 

into portions of /the formation beyond the reaction zone. 
m^3225^herein;a center conduit is disposed within an outer 



< )uter conduit is disposed within the opening, the method further 
oxidizing fluid into the opening through the center conduit and 



removing an oxidation pfoduci through ttie outer conduit. 

3238. The method of clainy 3225, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3239. The method of claim 3225, further comprising removing water from the formation 
25 prior to heating the portion. 



3240. The method of claim 3225, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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3241 . The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 



3242. The method of claim 3225, further Comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden/casing comprises steel. 



3243. The method of claim 322^mrthej: comprising coupling an overburden casing to 
the opening, wherein the overburden casirag is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3244. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, whirem a packing mat^ial is disposed at a junction of the overburden 
casing and the opening. 



3245. Th5TigfethQd_of^aim 3225, wherein the pyrolysis zone is substantially adjacent to 
the reaction/ione. j 

3246. A system configured to heat a coal formation, comprising: 
.insulated conductor disposed within an open wellbore in the formation, 

wherein Ahe insulated conductor is configured to provide radiant heat to at least a portion 
of the formation during use; and 

wherein the systeip is configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 



3247. The system of claim 3246, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 
during use/ 



3248. Tftie system of claim 3246, further comprising a support member, wherein the 
support /member is configured to support the insulated conductor. 
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3249. The system of claim 3246, further comprising/a support member and a centralizes 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer is configured to maintain £ location of the insulated conductor on 

5 the support member. 

3250. The system of claim 3246, wherein tjae open wellbore comprises a diameter of at 
least approximately 5 cm. 

10 325 1 . The system of claim 324^further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the leadVin conductor comprises a low resistance conductor 
configured to generate substantially/ho heat. 

3252. The system of cl!^324^ Comprising a lead-in conductor coupled to the 
15 insulated conductor, \\oierein the lead-in ^conductor comprises a rubber insulated 

conductor. // j 

3253. The system of claim 3246, farther comprising a lead-in conductor coupled to the 

11 I 

insulated conductor, wherein the Jead-in conductor comprises a copper wire. 



20 



3254. The system of/claim 3/46, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 



3255. The system of claim 3246, further comprising a lead-in conductor coupled to the 

/ 

25 insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

/ 

3256. The ^system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 

30 material is disposed in a sheath. 
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3257. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and Wherein the conductor comprises a 
copper-nickel alloy. / 



3258. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material/ wherein the conductor comprises a coppers- 
nickel alloy, and wherein the copper-nickeLalloy comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weight. 

3259. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating^naterial wherein the conductor comprises a copper- 
nickel alloy, and wherein the coppeZ-nickel alloy comprises approximately 2 % nickel by 
weight to approximately /6 % nickel by weigfit. 

3260. The system oyclaim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises/a thermally conductive material. 

326 1 . The system of claim^S?^, "^ereirrthe insulated conductor comprises a conductor 
disposed in anjelectrically insulating material, and wherein the electrically insulating 
material comprises magnesium c/xide. 

3262. The system of claim^3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3263. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in ah electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide and magnesium oxide. 
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3264. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the dectrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 

5 magnesium oxide. 

3265. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein th^ sheath comprises a corrosion-resistant 

10 material. 

3266. The system of claim 3246, wherein t/fie insulated conductor comprises a conductor 
disposed in an electrically insulating material, and whereih the electrically insulating 
material is disposed in a sheath, and wherein the sheath /omprises stainless steel. 



4= 15 



3267. The system of claim 3e44-fiirAer comprisingAwo additional insulated 
conductors, wherein the insulated conductor and the/two additional insulated conductors 
are configured in a 3-phasflT Y configuration. 



20 3268. The system of c$im 3246, further comp/ising an additional insulated conductor, 



wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein /he insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 



25 3269. The system of claim 3246, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 



/ 
/ 



30 3270. The systeniybf claim 3246, wherein the insulated conductor is configured to 

generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

682 Conley, Rose & Tayon, PC. 



3271. The system of claim 3246, further comprising a/support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support/member into the open wellbore 
during use. 



10 



3272. The system of claim 3246, further composing a support member configured to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the open wellbore during use. 



15 



20 



3273. The system of claim 3246, further ^comprising a tube coupled to the insulated 
conductor, wherein the tube is configure^ to prpvide a flow of fluid into the open 
wellbore during use. 



3274. The system of cla/m 3246, fuhher comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant anfouiil of ffuid flowihrough the support member into the open 
wellbore during use. 

3275. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. / 



25 3276. The system of claim 3246, further comprising an overburden casing coupled to 

/ 

the open wellbore, wherein the overburden casing is disposed in an overburden of the 

/ 

formation, and wherein the overburden casing comprises steel. 



3277. The system/of claim 3246, further comprising an overburden casing coupled to 
30 the open wellbore^wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3278. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is /disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 



3279. The system of claim 3246, further comprising an overburden casing coupled to 

/ 

the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
10 and the open wellbore, and wherein the packing material is configured to substantially 
inhibit a flow of fluid between the open wellboreynd the overburden casing during use. 



3280. The system of claim 3246, 'farther comprising an overburden casing coupled to 

/ / 

the open wellbore, wherein the overburden casing is disposed in an overburden of the 

' / ■ / 

15 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein/the packing material comprises cement. 



20 



25 



3281. The system of claim 3246' furtKeTco] 

0,V< 



ising an overburden casing coupled to 



the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system furcher comprising d wellhead coupled to the overburden casing 
and a lead-in conductor pouplen to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least t|le one sealing flange is configured to couple to the lead-in 
conductor. 

3282. The system of claim 3246, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some of the hydrocarbons in the 
selected section. 



30 3283. A system configurable to heat a coal formation, comprising: 
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an insulated conductor configurable to be disposed within an open wellbore in the 
formation, wherein the insulated conductor is further configurable to provide radiant heat 

to at least a portion of the formation during use; and / 

/ 

wherein the system is configurable to allow heat to transfer from the insulated 

♦ 

conductor to a selected section of the formation during use. 



10 



15 



3284. The system of claim 3283, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. 




3285. The system of claim 3283, further comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 



/ 



3286. The system of claim 3283,, further comprising a support member and a centralizer, 

/ I 1 

wherein the support member is configurable Ao support the' insulated conductor, and 

/ / / 

wherein the centralizer is configurable to nyrintain a location of the insulated conductor 

on the support member. 



3287. The system of cf^im 3283, wherein the open wellbore comprises a diameter of at 
20 least approximately 5 

3288. The system oflclaim 3283, fumher comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conducto/ comprises a low resistance conductor 
configurable to generate substantially no heat. 



25 



3289. The system of claim 3283 /further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the /lead-in conductor comprises a rubber insulated 
conductor. 



30 3290. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 
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3291 . The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

5 3292. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition/conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3293. The system of claim 3283, wherein the insulated conductor comprises a conductor 
10 disposed in an electrically insulating^riMelsjal, and wherein the electrically insulating 
material is disposed in a sheath. 



15 



3294. The system of clainV3283, Wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 



3295. The system of/claim 3283, whdrein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein tha copper ^nickel alloy comprises approximately 7 % nickel by 

20 weight to approximately 1 2/% nickel by weight. 

3296. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electricaWy insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 

25 weight to approximately 6 % nickel by weight. 



30 



3297. The system pf claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a thermally conductive material. 
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3298. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and vynerein the electrically insulating 
material comprises magnesium oxide. 

5 3299. The system of claim 3283, wherein the /nsulated conductor comprises a conductor 
disposed in an electrically insulating material/ wherein the electrically insulating material 
comprises magnesium oxide, and wherein tpe magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

10 3300. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating^rmt&rial, and wherein the electrically insulating 
material comprises aluminum^oxide ^|nd magnesium oxide. 

3301 . The system of clainy3283, whereiijfthe insulated conductor comprises a conductor 
15 disposed in an electrically insulatmg material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the/magnesium oxide comprises grain particles, 
and wherein the grain particles #re configurable to occupy porous spaces within the 
magnesium oxide. 



20 3302. The system ofjblaim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant 
material. 



25 3303. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 



3304. The system of/claim 3283, further comprising two additional insulated 
30 conductors, wherein the insulated conductor and the two additional insulated conductors 
are configurable in a3-phase Y configuration. 
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3305. The system of claim 3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 

support member, and wherein the insulated conductor and the additional insulated 

/ 

conductor are configurable in a series electrical configuration. 



3306. The system of claim 3283, 
wherein the insulated conductor #fd the ad< 

/, 



J 



omprising an additional insulated conductor, 
tional insulated conductor are coupled to a 



support member, and wherein^the insulated conductor and the additional insulated 
10 conductor are configurable in a parallel electrical configuration. 



3307. The system of claim 3283/wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 ff/m to approximately 1 150 W/m during use. 

15 3308. The system o/jclaim 32&3, further comprising a support member configurable to 



u 

support the insulated conductor, wherein tl 
configurable to provide fluid pow through 
during use. 



support member comprises orifices 

member into the open wellbore 



20 3309. The system lof claim 3283, further/ comprising a support member configurable to 



i 



support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the open wellbore during use. 



25 33 1 0. The system of claim 3283, further comprising a tube coupled to the insulated 
conductor, wherein the fube is configurable to provide a flow of fluid into the open 
wellbore during use. 



33 1 1. The system of claim 3283, further comprising a tube coupled to the first insulated 
30 conductor, wherein the tube comprises critical flow orifices configurable to provide a 
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substantially constant amount of fluid flow throuj 
wellbore during use. / 



the support member into the open 



10 



15 



20 



3312. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. 

3313. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the ovepurden casing comprises steel. 



3314. The system of claim/3283, further comprising an overburden casing coupled to 
the open wellbore, wheKeirf the overburden casing is disposed in an overburden of the 
formation, and wherein me overburden casing is further disposed in cement. 



33 15. The system of claim 3283, 
the open wellbore, wher 



ther comprising an overburden casing coupled to 

_J 

casing is disposed in an overburden of the 



formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 



3316. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, whjerein the /overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configurable to substantially 
25 inhibit a flow of fluid between the open wellbore and the overburden casing during use. 



30 



3317. The system of claimp283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and/ wherein the packing material comprises cement. 
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33 1 8. The system of claim 3283, further comprising an overburden casing coupled to 

/ 

the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. 

/ / 

3319. The system of claim 3283, wherein the system is further configured to transfer 
heat such that the transferre$rheat can pyrolyize at least some hydrocarbons in the selected 



section. 



15 
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3320. An in situ method for heading a coal formation, comprising: 

applying an electrical cui/rent to an insulated conductor to provide radiant heat to 
at least a portion of t$Le formation, wherein the insulated conductor is disposed within an 



open wellbore in thef Jformatiorf; and 

allowing the radiant 
section of the formation. 



3321. The method 



Som the insulated conductor to a selected 



of claim 3320, further comprising supporting the insulated conductor 



on a support member. 



25 



3322. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member ana maintaining a location of the insulated conductor on the support 
member with a centralizer. 



30 



3323. The method ofl claim 3320, wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the open wellbore, and wherein the three insulated 
conductors are electrically coupled in a 3 -phase Y configuration. 
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3324. The method of claim 3320, wherein an additional/ insulated conductor is disposed 
within the open wellbore. 

3325. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore, and wherein the insulates conductor and the additional 
insulated conductor are electrically coupled in a series configuration. 

3326. The method of claim 3320, wherejn an Additional insulated conductor is disposed 
within the open wellbore, and whereirfthe insyfk ted conductor and the additional 
insulated conductor are electrically coupled a parallel configuration. 

3327. The method of claim 3&20, whereyli the provided heat comprises approximately 
500 W/m to approximately ^QJW/m^ 



15 3328. The method of claim 3320, wherein the insulated conductor comprises a 

conductor disposed in an electrically /nsulatii/g material, and wherein the conductor 
comprises a copper-nickel alloy. 

3329. The method of claim 3320, wherein the insulated conductor comprises a 
20 conductor disposed in an electrically insulating material, wherein the conductor 

comprises a copper-nickel alio/, and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by height to approximately 12 % nickel by weight. 

3330. The method of claim 3320, wherein the insulated conductor comprises a 
25 conductor disposed in anyelectrically insulating material, wherein the conductor 

comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 % nioKel by weight to approximately 6 % nickel by weight. 

3331 . The methocyof claim 3320, wherein the insulated conductor comprises a 

30 conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 
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3332. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 



3333. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum oxide and magnesium oxide. 



3334. The method of claim 3320, wherein the insulated conductor comprises a 



conductor disposed in an electrically insulating ma 



insulating material comprises magnesium oxide, wherein the magnesium oxide comprises 



^ grain particles, and wherein th£ grain particles are 

HF 1 5 within the magnesium oxide. 



:erial, wherein the electrically 



configured to occupy porous spaces 



3335. The method of claim^- 320, wli o roin thc - iiisulat ed conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, ana wherein the sheath comprises a corrosion-resistant material. 

3336. The method of claim 3320, wherein the insulated conductor comprises a 

f 

conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises stainless steel. 



25 3337. The method of clainy3320, further comprising supporting the insulated conductor 
on a support member and flowing a fluid into the open wellbore through an orifice in the 
support member. 

3338. The method of claim 3320, further comprising supporting the insulated conductor 
30 on a support member arp flowing a substantially constant amount of fluid into the open 
wellbore through critical flow orifices in the support member. 
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3339. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
fluid into the open wellbore through the perforated'tube. 

/ 

3340. The method of claim 3320, wherein a tiibe is disposed in the open wellbore 
proximate to the insulated conductor, the method further comprising flowing a 
substantially constant amount a fluid into tjie open wellbore through critical flow orifices 
in the tube. / 

/T\ 

3341 . The method of claim 3320; further comprising supporting the insulated conductor 
on a support member and flowing a cbrrosio \ inhibiting fluid into the open wellbore 
through an orifice in the support member. 



1 5 3342. The method ofjclaim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to/ the insulated condxictor, the method further comprising flowing a 
corrosion inhibiting fluid into the open wellbore through the perforated tube. 



3343. The method bf claim 3320, further comprising determining a temperature 
20 distribution in the insulate^ conductor iusing an electromagnetic signal provided to the 
insulated conductor. / 



3344. The method of/claim 3320, further comprising monitoring a leakage current of the 
insulated conductor. 



3345. The method of claim 3320, further comprising monitoring the applied electrical 
current. 

3346. The method of claim 3320, further comprising monitoring a voltage applied to the 
30 insulated conductor. 
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3347. The method of claim 3320, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 



3348. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein th^/lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3349. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3350. The method of claim 332^/further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. 



3351. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, whferein the overburden erasing is disposed in an overburden of the 
formation. 



3352. The method/of claim/3320, furthei/ comprising coupling an overburden casing to 
the open wellbore,|wherein/the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3353. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3354. The methoa of claim 3320, further comprising coupling an overburden casing to 
the open wellborej wherein the overburden casing is disposed in an overburden of the 
formation, and viierein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 
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3355. The method of claim 3320, further comprisingyCoupling an overburden casing to 
the open wellbore, wherein the overburden casing is/disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the open wellbore and the overburden casing with a packing material. 



3356. The method of claim 3320, further comprising heating at least the portion of the 
formation to pyrolyze at least some hydrocarbons within the formation. 

10 3357. An in situ method for heating a coal formation, comprising: 

applying an electrical currenUo an insulated conductor to provide heat to at least 
a portion of the formation, wherein the insulatep conductor is disposed within an opening 
in the formation; and 

allowing the heat td transfer from the /nsulated conductor to a section of the 
15 formation. 



3358. The method of maim 3357, further/comprising supporting the insulated conductor 
on a support member^ 

20 3359. The method jofcl^m 3357, fujAier comprising supporting the insulated conductor 
on a support member and maintaining a location of the first insulated conductor on the 
support member with a/centralizer. 

3360. The method of claim 3357, wherein the insulated conductor is coupled to two 
25 additional insulated/ conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3-phase Y configuration. 



3361 . The method of claim 3357, wherein an additional insulated conductor is disposed 
30 within the onfening. 
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3362. The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 



5 3363. The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 



3364. The method of claim 3357, wherein the provided heat comprises approximately 
10 500 W/m to approximately 1150 W/m. 

3365. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically in^ulatjng material, and wherein the conductor 
comprises a copper-nickel aloy. 
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3366. The method of claim 3357, jriierem the insulated conductor comprises a 
conductor disposed in an ^T^ricalljun material, wherein the conductor 

comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by weight to approximately 12 % nickel by weight. 



3367. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



3368. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 



30 3369. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed An an electrically insulating material, wherein the electrically 
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insulating material comprises magnesium oxide, and/wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 



3370. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum oxide /and magnesium oxide. 



10 
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3371 . The method of claim 3357, where 



/ 



insulated conductor comprises a 



conductor disposed in an electricallylnsulating Material, wherein the electrically 
insulating material comprises magnesium /xide, 
grain particles, and wherein the grain particles ai 



wherein the magnesium oxide comprises 
configured to occupy porous spaces 



within the magnesium ox^de. 



3372. The method of claim 3357, wherein thJinsulated conductor comprises a 
conductor disposed in an' electrically /insulating material, wherein the insulating material 
is disposed in a sheath/ in^vhereim a corrosion-resistant material. 

3373. The method o 7claim 3357/ wherein Ahe insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises stainless steel. 



25 



3374. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member and floywing a fluid into the opening through an orifice in the 
support member. 

3375. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member ana flowing a substantially constant amount of fluid into the 
opening through critical /flow orifices in the support member. 
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3376. The method of claim 3357, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 

3377. The method of claim 3357, wherein/a tube is disposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 



10 



m 



T 15 



20 



3378. The method of claim 3} 
on a support member and nowing a < 
orifice in the support mei 



ter comprising supporting the insulated conductor 
/onpsion inhibiting fluid into the opening through an 



3379. The method hf claim 335X wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, me method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 



3380. The methqu of claim 3357, further comprising determining a temperature 
distribution in the! insulated </ondu£tor using an electromagnetic signal provided to the 
insulated conductor. 

3381. The method of clajtai 3357, further comprising monitoring a leakage current of the 
insulated conductor. 



3382. The method of (jflaim 3357, further comprising monitoring the applied electrical 
25 current. 

3383. The method of claim 3357, further comprising monitoring a voltage applied to the 
insulated conductor, j 

30 3384. The method/of claim 3357, further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 
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3385. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



3386. The method of claim 3357; furtherycomprising electrically coupling a lead-in 
conductor to the insulated comuctor using a cold pin transition conductor. 




3387. The method of c)aim 3357, farther comprising electrically coupling a lead-in 
10 conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a ^Substantially low resistance insulated 
conductor. 



15 



20 



25 



3388. The method of claim ^357, farmer comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 



formation. 



3389. The method of claim 3357, /further comprising coupling an overburden casing to 
the opening, whe rein thsjoverbux^n casing is disposed in an overburden of the 
formation, and wherein/the overbjarden casing comprises steel. 

3390. The method or claim 3357, further comprising coupling an overburden casing to 
the opening, wherein/ the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3391. The methoa of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



30 
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3392. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the method further comprises inhibiting a flow of fluid between 

/ 

the opening and the overburden casing with a packing material. 



3393. The method of claim 3357, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some hydrocarbons within the formation. 

3394. A system configured to heat axo^l formation, comprising: 

10 an insulated conductor disposed/vi^in an opening in the formation, wherein the 

insulated conductor is configured to provide heat to at least a portion of the formation 
during use, wherein the insulated conductor comprises a copper-nickel alloy, and wherein 
the copper-nickel alloy comprises approximately 7 % nickel by weight to approximately 



12 % nickel by weight; and 



/ 



15 wherein the system is configured to/ allow heat to transfer from the insulated 



r ... 

conductor to a selected section ,ot me form^tlSrrdurjng use. 

3395. The system of d&Ai ^394,.whererti the insulated conductor is further configured 
to generate heat during application of an (electrical current to the insulated conductor 

20 during use. 

3396. The system of claim 3394, further comprising a support member, wherein the 
support member is configured to support the insulated conductor. 

25 3397. The system of claim 3394, further comprising a support member and a centralizer, 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizpr is configured to maintain a location of the insulated conductor on 
the support member; 

30 3398. The system? of claim 3394, wherein the opening comprises a diameter of at least 
approximately 5 am. 
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3399. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat/ 

/ 

3400. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 

340 1 . The system of clai 
insulated conductor, wherein 




er comprising a lead-in conductor coupled to the 
ifa conductor comprises a copper wire. 



3402. The system of claim 3394/ further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 



3403. The system [ofj claim 3394, fu rtheri com prising a lead-in conductor coupled to the 
insulated conductor with a coyd^intransilion conductor, wherein the cold pin transition 
conductor comprises' a substantially low resistance insulated conductor. 



3404. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive rriJaterial. 

3405. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating i^haterial, and wherein the electrically insulating material comprises 
magnesium oxide. 



3406. The system off claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, And wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mr 
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3407. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 

electrically insulating material, and wherein the electrically insulating material comprises 

/ 

aluminum oxide and magnesium oxide. / 

/ 
/ 

3408. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium okide comprises grain particles, and wherein 
the grain particles are configured to occjjpy^j5t>rous spaces within the magnesium oxide. 



3409. The system of claim 33% wherein the copper-nickel alloy is disposed in an 
electrically insulating material^ wherein the electrically insulating material is disposed in 

/ / 7 

a sheath, and wherein the sheath comprises a corrosion-resistant material. 



15 3410. The system of claim 3394, wherein the dopper-nickel alloy is disposed in an 

electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein tli^s heath compris es stainless steel. 

/ / / 

341 1 . The system of claim 3394,/further comprising two additional insulated 

20 conductors, wherein tlje insulatedf conductorpid the two additional insulated conductors 
are configured in a 3 -phase Y cqnfiguratior 

341 2. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 

25 support member, and wherein the insulated conductor and the additional insulated 
conductor are configured ink series electrical configuration. 



30 



3413. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured! in a parallel electrical configuration. 
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3414. The system of claim 3394, wherein the insulated conductor is configured to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 



341 5. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support member into the opening during use 



3416. The system of claim 3394, fuptKer comprising a support member configured to 
10 support the insulated conductor, Wnerein the su pport member comprises critical flow 
orifices configured to provide /substantially cc/nstant amount of fluid flow through the 
support member into the opening during/use 



341 7. The system of claHm 3394, further corrtprising a tube coupled to the insulated 

/ II 

15 conductor, wherein the raibe is configured to provide a flow of fluid into the opening 
during use. // / 



20 



3418. The system of claim 3394^, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critipal flow orifices configured to provide a 
substantially constant amount pf fluid flow through the support member into the opening 
during use. 



25 



34 19. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the qverburden casing is disposed in an overburden of the 
formation. 



30 



3420. The system of cpim 3394, further comprising an overburden casing coupled to 
the opening, wherein tMe overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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342 1 . The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3422. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing isdisposed in an overburden of the 
formation, and wherein a packing material is/disposed at a junction of the overburden 
casing and the opening. 



u 



10 3423. The system of claim 3394; further cor iprising an overburden casing coupled to 
the opening, wherein the overburden casing i ; disposed in an overburden of the 



15 



20 



25 



formation, wherein a packing material 7 is dis] 



osed at a junction of the overburden casing 



and the opening, and whe :ein the packing rraterial is configured to substantially inhibit a 
flow of fluid between the opening and the c^erburden casing during use. 

/ / 



3424. The system of cl^m 339 ; 4, 



the opening, wherein the 



arising an overburden casing coupled to 



overburden casimg is disposed in an overburden of the 



formation, wherein a packing .material ispisposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3425. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the/overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein/at least the one sealing flange is configured to couple to the lead-in 
conductor. 



3426. The system of claim 3394, wherein the system is further configured to transfer 
30 heat such that thje transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. 
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3427. A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to/be disposed within an opening in the 
formation, wherein the insulated conductor is further configurable to provide heat to at 
5 least a portion of the formation during use,/wherein the insulated conductor comprises a 



10 



20 



copper-nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % 
nickel by weight to approximately 12 %4ickel by weight; 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section oj>lKe^rmation during use. 



/ / 

3428. The system of claim 3427,/where 
to generate heat during application of an 
during use. / 



n the insulated conductor is further configurable 
electrical current to the insulated conductor 



15 3429. The systenji of claim J427, further comprising a support member, wherein the 
support member ifc configurable to suppbrt the insulated conductor. 



3430. The systei n of claim 3427, further comprising a support member and a centralizer, 
wherein the support menjber is configurable to support the insulated conductor, and 
wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member.) 



25 



343 1 . The system of jdaim 3427, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3432. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor J wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 
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3433. The system of claim 3427, further comprising a lead-in conductor coupled to the 

I 

insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. / 

/ 

5 3434. The system of claim 3427, further comprising a lead-in conductor coupled to the 

/ 

insulated conductor, wherein the lead-in conductor comprises a copper wire. 



10 



3435. The system of claim 3427^furfher comprising a lead-in conductor coupled to the 
insulated conductor with a ccjld pin trahsi^on conductor. 

3436. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold piri transition conductor, wherein the cold pin transition 



conductor comprises a/substantially low re 



/ 

15 3437. The system of claim 3427, wherein 
electrically insulating material, and whereii 
a thermally conductive material. 



istance insulated conductor. 

the copper-nickel alloy is disposed in an 
the electrically insulating material comprises 



3438. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 

20 electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. j 

3439. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 

25 magnesium oxide, andf wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm./ 

/ 

3440. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulatinfg material, and wherein the electrically insulating material comprises 

30 aluminum oxide and magnesium oxide. 
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3441 . The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configurable to occupy porous spaces within the magnesium oxide. 

/ 

3442. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises^ material. 



3443. The system of claim 3427, wherein the 



copper-nickel alloy is disposed in an 



electrically insulating material, wherein the ele ctrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 



3444. The system of claim 3427, further comprising two additional insulated 



conductors, wherein the 
are configurable in a 3-|> 



3445. The system of 



insulated conductor and the two additional insulated conductors 



hase Y configuration. - 



Jlaii 



laim 3427, further comprising an additional insulated conductor, 



wherein the insulated conductor and the additional insulated conductor are coupled to a 

/ 

20 support member, and wherein /the insulated conductor and the additional insulated 
conductor are configurable in' a series electrical configuration. 



3446. The system of claim/3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
25 support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 



3447. The system of claim 3427, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 



30 
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3448. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support/member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. 

3449. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the opening during use. 



3450. The system of claim 3427, finther composing a tube coupled to the insulated 
conductor, wherein the tube is oemfigurable to provide a flow of fluid into the opening 
during use. 



15 3451. The 



20 



conductor, wherein the 
substantially constant 
during use 



system of claim 3427, further comprising a tube coupled to the insulated 




tube comprises critical flow orifices configurable to provide a 
mint of ffind flow tfnrmgh the support member into the opening 



3452. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3453. The system of clainy 3427, further comprising an overburden casing coupled to 
25 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



30 



3454. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3455. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

j 

3456. The system of claim 3427, further comprising an overburden casing coupled to 

the opening, wherein the overburden casing is disposed in an overburden of the 

/ 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing^tfStenal is configurable to substantially inhibit 
10 a flow of fluid between the opening and the overburden casing during use. 

3457. The system of claim M27, further cpmpris ng an overburden casing coupled to 

I / < 

the opening, wherein the overfburden casinjg is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
15 and the opening, and wherein the packing material comprises cement. 



3458. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden/ casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
20 and a lead-in conductor coupled tq'the insulatea conductor, wherein the wellhead is 

disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 

conductor. / 

/ 

/ 

/ 

/ 

25 3459. The system of claim 3427, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
section. / 



3460. An in situ method /for heating a coal formation, comprising: 
30 applying an electracal current to an insulated conductor to provide heat to at least 

a portion of the formatiop, wherein the insulated conductor is disposed within an opening 
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/ 





in the formation, and wherein the insulated conductor comprises a copper-nickel alloy of 
approximately 7 % nickel by weight to approximately 12 % nickel by weight; and 

allowing the heat to transfer from the insulated conductor to a selected section of 
the formation. I 

3461 . The method of claim 3460, further comprising supporting the insulated conductor 
on a support member. 



3462. The method of claim'3460, /further comprising supporting the insulated conductor 

/ 

10 on a support member and maintaining a location of the first insulated conductor on the 



support member with a*centralizer. 



3463. The method of claim 3460, wherein the insulated conductor is coupled to two 



additional insulated 



onductors, wherein Ahe insulated conductor and the two insulated 



15 conductors are dispb ked within the open ling, andwherein the three insulated conductors 
are electrically cousled in a 3 -phase Y Configuration. 

I / / 

3464. The method of cl^im 3460, wherein an additional insulated conductor is disposed 
within the opening. 

20 

3465. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are -electrically coupled in a series configuration. 

25 3466. The method Jof claim 3460, wherein an additional insulated conductor is disposed 
within the openingJand wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 



3467. The method of claim 3460, wherein the provided heat comprises approximately 
30 500 W/m to app/oximately 1 1 50 W/m. 
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3468. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material. 



10 



3469. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 



opper-nickel alloy is disposed in an 
rically insulating material comprises 
<f>xide comprises a thickness of at least 




3470. The method of claim 3460 jwnere: 
electrically insulating material, whereinAhe elec 
magnesium oxide, and where/n the magnesium 
approximately 1 mm. \ 



3471. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 

1 / / 

electrically insulating I|3Bterta^ T -a^5wherein the electrically insulating material comprises 



15 aluminum oxide and 



3472. The method o 



tagnesium oxide. 



20 



'claim 3460, wherein pe copper-nickel alloy is disposed in an 
electrically insulating material,/wherein the' electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within the magnesium oxide. 



25 



3473. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises a corrosion-resistant material. 

3474. The method of cyaim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath/comprises stainless steel. 
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3475. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a fluid into J/ne opening through an orifice in the 
support member. : 

3476. The method of claim 3460, further/comprising supporting the insulated conductor 
on a support member and flowing a subs/antially constant amount of fluid into the 
opening through critical flow orifices in the support member. 

3477. The method of claim 34£©7Wierein a perforated tube is disposed in the opening 



10 proximate to the insulated conductor, t) 
the opening through th^erforateg tube 



3478. Themetho 
the insulated con 



e method further comprising flowing a fluid into 



of claim 3460, wherein a tube is disposed in the opening proximate to 

/ < 

ictor, the method further comprising flowing a substantially constant 



amount a fluid if jo the opening through critical flow orifices in the tube. 

i 

3460, further comprising supporting the insulated conductor 

)wi 

Support meinber. 



3479. The m^lod^of 

on a support rfiember andMowing^^rosion inhibiting fluid into the opening through an 



orifice in the 



3480. The method of/claim 3460, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 

25 348 1 . The method of claim 3460, further comprising determining a temperature 

distribution in thef insulated conductor using an electromagnetic signal provided to the 
insulated conductor. 



3482. The method of claim 3460, further comprising monitoring a leakage current of the 
30 insulated conductor. 
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3483. The method of claim 3460, further comprising monitoring the applied electrical 
current. 

3484. The method of claim 3460, further comprising monitoring a voltage applied to the 
insulated conductor. 

3485. The method of claim 3460, further /comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 



10 



15 



3486. The method of claim/3460, furtheAcomprising electrically coupling a lead-in 
conductor to the insulated/conductor, wheijein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



3488. The method of /claim 3460, furth 
conductor to the insul 



3487. The method of dlaim 3460, further ''comprising electrically coupling a lead-in 

conductor to the insmated conductor usin^ a cold pin transition conductor. 

/ ii 



20 



comprising electrically coupling a lead-in 
conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor cqfmprise^ a substantially low resistance insulated 
conductor. 



25 



3489. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the ovepurden casing is disposed in an overburden of the 
formation. 

3490. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the! overburden casing comprises steel. 
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349 1 . The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is furtmer disposed in cement. 

3492. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3493. The method of claim 3460, further comprising coupling an overburden casing to 



the opening, wherein the overburden casj-fig is/di 
formation, and wherein the method further camp 
the opening and the overburden Rasing with k packing material. 



posed in an overburden of the 
ises inhibiting a flow of fluid between 



3494. The method of claim 3400, further/comprising heating at least the portion of the 
formation to substantially pyrofyze at lea/t some hydrocarbons within the formation. 

3495. A system configured to heat a Goal formation, comprising: 

at least three insulated conductors disposed within an opening in the formation, 
wherein at least the three insulated conductors are electrically coupled in a 3 -phase Y 
configuration, and wherein at least me three insulated conductors are configured to 
provide heat to at least a portion or the formation during use; and 

wherein the system is configured to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation during use. 

3496. The system of claim 3^495, wherein at least the three insulated conductors are 
further configured to genera/e heat during application of an electrical current to at least 
the three insulated conductors during use. 

3497. The system of claim 3495, further comprising a support member, wherein the 
support member is configured to support at least the three insulated conductors. 
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3498. The system of claim 3495, further comp/i'sing a support member and a centralizer, 
wherein the support member is configured to support at least the three insulated 
conductors, and wherein the centralizer is configured to maintain a location of at least the 
three insulated conductors on the support member. 

3499. The system of claim 3495, wherjftn the opening comprises a diameter of at least 
approximately 5 cm. 



10 3500. The system of claim 3495 J ft(rther comprising at least one lead-in conductor 
coupled to at least the three insulateaconductors, wherein at least the one lead-in 
conductor comprises a low resistance conductor configured to generate substantially no 
heat. 



15 3501 . The system on claim 3495, fiArther comprising at least one lead-in conductor 
coupled to at least thfJlireeJrisulatqa conductors, wherein at least the one lead-in 
conductor comprise^ a rubbbr insulked conductor. 

3502. The system of clafm 3495 x |further comprising at least one lead-in conductor 
20 coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a/copper wire. 



25 



3503. The system or claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor. 

3504. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 



30 
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3505. The system of claim 3495, wherein at least thd three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 



3506. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. / 



3507. The system of claim 3495, whejein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alio/, and wherein the copper-nickel alloy 
comprises approximately 7 %/nickel by weij 



;ht to approximately 12 % nickel by weight. 



3508. The system of claid 3495, whjrein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a co^per-nicke^ alloy, and wherein the copper-nickel alloy 



comprises approximate!) 



3509. The system of ck 



2 % nickel 



tp approximately 6 % nickel by weight. 



im 3495, /wherein a} least the three insulated conductors 
comprise a conductor disposed in/an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 



3510. The system of claim 349f5, wherein at least the three insulated conductors 
comprise a conductor disposed ftn an electrically insulating material, and wherein the 
electrically insulating material /comprises magnesium oxide. 



3511. The system of claim 3f495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 



716 



Conley, Rose & Tayon, P.C. 



m 



10 



15 



20 



3512. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

3513. The system of claim 3495, wherein the/insulated conductor comprises a conductor 
disposed in an electrically insulating material/ wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 



3514. The system of claim 3495,/wherein at 
comprise a conductor disposed in an electrical 
electrically insulating material is disposed in 



[least the three insulated conductors 
ly insulating material, and wherein the 
a sheath, and wherein the sheath comprises 



a corrosion-resistant maten; 

/ 

3515. The system of claim 3495, 
comprise a conductor di/posed in 
electrically insulating njatenat 
stainless steel. 



therein at least the three insulated conductors 
electrically insulating material, and wherein the 



.asheath, and wherein the sheath comprises 



V 

3516. The system of claim 34^5, wherein at least the three insulated conductors are 
configured to generate radiant neat of approximately 500 W/m to approximately 1 150 
W/m of at least the three insulated conductors during use. 



25 3517. The system of claim 3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
orifices configured to provide fluid flow through the support member into the opening 
during use. 

30 3518. The system of claiin 3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
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critical flow orifices configured to provide a substantially constant amount of fluid flow 
through the support member into the opening during use. 



3519. The system of claim 3495, further comprising a tube coupled to at least the three 
5 insulated conductors, wherein the tube is/configured to provide a flow of fluid into the 

opening during use. 

3520. The system of claim 3495, Wher comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configured to 

10 provide a substantially constant anient of fluid flow through the support member into 
the opening during use. 

3521. The system of claim 3495( furthet comprising an overburden casing coupled to 
the opening, wherein the overbidden casing is disposed in an overburden of the 



20 



£ 15 formation. 

3 522. The systemofjclaixri^ an overburden casing coupled to 

the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and v|herein thioverburdeji casing comprises steel. 

3523. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein tht overburden casing is disposed in an overburden of the 
formation, and whereM the overburden casing is further disposed in cement. 

25 3524. The system ok claim 3495, further comprising an overburden casing coupled to 
the opening, whereih the overburden casing is disposed in an overburden of the 
formation, and wh/rein a packing material is disposed at a junction of the overburden 
casing and the opening. 

30 3525. The syst|m.of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburaen casing during use. 

3526. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing \l disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the padyim/material comprises cement. 



10 3527. The system of claim 3495, furmer /comprising an overburden casing coupled to 
the opening, wherein the overburden rasing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 

and a lead-in conductor coupled to the /nsulated conductor, wherein the wellhead is 

_ / / / 

disposed external to theoverbu^ the wellhead comprises at least one sealing 

15 flange, and wherein kt least throne scaling flange is configured to couple to the lead-in 
conductor. 

\/ 

3528. The system of claim 3495, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
20 section. 



3529. A system configurable to heat a coal formation, comprising: 

at least three insulated conductors configurable to be disposed within an opening 

in the formation, wherein at least the three insulated conductors are electrically coupled 
25 in a 3-phase Y configuration, and wherein at least the three insulated conductors are 

further configurable to provide heat to at least a portion of the formation during use; and 
where/n the system is configurable to allow heat to transfer from at least the three 

insulated conductors to a selected section of the formation during use. 
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3530. The system of claim 3529, wherein at least the three insulated conductors are 
further configurable to generate heat during application of an electrical current to at least 
the three insulated conductors during use. 



353 1 . The system of claim 3529, further comprising a support member, wherein the 
support member is configurable to support at least the three insulated conductors. 



3532. The system of claim 3529yfurther comprising a support member and a centralizer, 
wherein the support member is configurable to support at least the three insulated 
conductors, and whereintftTcehtralizer is configurable to maintain a location of at least 
the three insulated comuctors/orithe support member. 



3533. The system of claim'3529, wherein the opening comprises a diameter of at least 
approximately 5/ cm. 



3534. The system of claim ^529, further comprising at least one lead-in conductor 
coupled to at least the^three%sulated conductors, wherein at least the one lead-in 
conductor comprises^ low resistance conductor configurable to generate substantially no 
heat. 



3535. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 



3536. The,system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 

conductor comprises a copper wire. 

/' 

/ 

3537. { The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor. 
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3538. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 

3539. The system of claim 3529, wherein at leastrthe three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a Aheath. 
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10 3540. The system of claim 3529, wherein A least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-ifiekel allc 

3541 . The system of claim£i§29, wherein at least the three insulated conductors 



15 comprise a conductor disposed in an elect 



20 



insulating material, wherein the 



conductor comprises a oopper-nidfel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nipel by mught to approximately 12 % nickel by weight 

3542. The system of claim 3£29, wherein at least the three insulated conductors 
comprise a conductor dispopd in an electrically insulating material, wherein the 
conductor comprises a comer-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



3543. The system oj claim 3529, wherein at least the three insulated conductors 
25 comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulapng material comprises a thermally conductive material. 



30 



3544. The system of claim 3529, wherein at least the three insulated conductors 
comprise a Conductor disposed in an electrically insulating material, and wherein the 
electrical!^ insulating material comprises magnesium oxide. 
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3545. The system of claim 3529, wherein at least thof three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 

3546. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

3547. The system of claim 3529, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein tjhelnagnesium oxide comprises grain particles, 
and wherein the grain particles are configurable to occupy porous spaces within the 
magnesium oxide. 



3548. The system of clai 
comprise a conductor dis 



352% wherein 



)osed 



Ut least the three insulated conductors 
ally insulating material, and wherein the 



an electri 

electrically insulating mMerial/is disposed jfn a sheath, and wherein the sheath comprises 
a corrosion-resistant material 

3549. The system of claim/3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. 



3550. The system of daim 3529, wherein at least the three insulated conductors are 
configurable to generate radiant heat of approximately 500 W/m to approximately 1 150 
W/m during use. 



30 355 1 . The system M claim 3529, further comprising a support member configurable to 
support at least the/three insulated conductors, wherein the support member comprises 
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orifices configurable to provide fluid flow through the/support member into the opening 
during use. 

3552. The system of claim 3529, further comprising a support member configurable to 
5 support at least the three insulated conductors, wtferein the support member comprises 

critical flow orifices configurable to provide a substantially constant amount of fluid flow 
through the support member into the opening curing use. 

3553. The system of claim 3529, further comprising a tube coupled to at least the three 
10 insulated conductors, wherein thctube is)^onfigurable to provide a flow of fluid into the 

opening during use. 
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3554. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tybe comprises critical flow orifices configurable to 
provide a substantially/constant amount of fluid flow through the support member into 
the opening during us 

3555. The system oflclaim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3556. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3557. The system oi* claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



30 3558. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, and wherein a packing material is disposed at/i junction of the overburden 
casing and the opening. 

3559. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed/at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



10 3560. The system of claim 3529, further cc/mprisimg an overburden casing coupled to 

/ / 

the opening, wherein the overburden casing is dispc sed in an overburden of the 
formation, wherein a packing material is/disposed at a junction of the overburden casing 
and the opening, and whereirythe packing material/ comprises cement. 



15 



20 



3561. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the pverburdqti cas in^jsdisposed in an overburden of the 
formation, the system further comprising a weWhead coupled to the overburden casing 
and a lead-in conductor coupled/to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, whereirythe wellhead comprises at least one sealing 
flange, and wherein at least the one sealing pange is configurable to couple to the lead-in 
conductor. 



3562. The system of claim 3529, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 



25 section. 



30 



3563. An in situ method for heating a coal formation, comprising: 

applying an/electrical current to at least three insulated conductors to provide heat 
to at least a portion of the formation, wherein at least the three insulated conductors are 
disposed within aiv opening in the formation; and 
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allowing the heat to transfer from at least the thf ee insulated conductors to a 
selected section of the formation. 

3564. The method of claim 3563, further comprising supporting at least the three 
5 insulated conductors on a support member. 



3565. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and maintaining a location of at least the three 
insulated conductors on the support member with a centralizer. 



10 




3566. The method of claim 3563, wherein the provided heat comprises approximately 
500 W/m to approximately 1 1 50, 

3567. The method of c^m 3563, wlierein at least the three insulated conductors 
15 comprise a conductor disposed in an electrically insulating material, and wherein the 

conductor comprises a copper-nickel alloy./ 

/ ' 

3568. The method/pfH^ at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 

20 conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 

comprises approximately 7 % nickel by/weight to approximately 12 % nickel by weight. 

3569. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 

25 conductor comprises a hopper-nickel alloy, and wherein the copper-nickel alloy 

comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3570. The method of claim 3563, wherein at least the three insulated conductors 

if 

comprise a conductor disposed in an electrically insulating material, and wherein the 
30 electrically insulating material comprises magnesium oxide. 
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3571. The method of claim 3563, wherein at least flie three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnefeium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 

3572. The method of claim 3563, wherein At least the three insulated conductors 
comprise a conductor disposed in an electacally insulating material, and wherein the 
electrically insulating material comprises/aluminum oxide and magnesium oxide. 

3573. The method of claim 35#3, wherein aS least the three insulated conductors 
comprise a conductor disposed in anyfelectricfllly insulating material, wherein the 
electrically insulating iWerial comprises magnesium oxide, wherein the magnesium 
oxide comprises grain particles, arid wherem the grain particles are configured to occupy 
porous spaces within me magnesium oxide. 

3574. The methodjbf claim 3?637wlteifein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material/is disposed in a shflath, and wherein the sheath comprises a corrosion- 
resistant material. / \|f 

3575. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in a sheath, and wherein the sheath comprises stainless 
steel. / 

3576. The methoa of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a fluid into the opening through 
an orifice in the support member. 
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3577. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a substantially constant amount of 
fluid into the opening through critical flow orifices in the support member. 

/ 

3578. The method of claim 3563, wherein a'perforated tube is disposed in the opening 
proximate to at least the three insulated conductors, the method further comprising 
flowing a fluid into the opening throughr^re-perforated tube. 



3579. The method of clainy3563, ^/herein a tube is disposed in the opening proximate to 
10 at least the three insulated conductors, the memod further comprising flowing a 

substantially constant/amount a fluid into the/)pening through critical flow orifices in the 
tube. 



3580. The method of claim 3563, furthejr comprising supporting at least the three 



15 insulated condjjXwsj^^ andTldwing a corrosion inhibiting fluid into 

the opening thyough an edifice in the support member. 

/ 

/ 

3581. The method ofclaim 3563, wherein a perforated tube is disposed in the opening 

L i / / 

proximate tonit leasts/the three insulated conductors, the method further comprising 

// 

20 flowing a corrosion' inhibiting fluid into the opening through the perforated tube. 

/ 

/ 

3582. The method ofclaim 3563, further comprising determining a temperature 
distribution in at least the three insulated conductors using an electromagnetic signal 
provided to the insulated conductor. 

25 

3583. The method of claim 3563, fiirther comprising monitoring a leakage current of at 
least the three insulated conductors. 

1 

3584. The method ofclaim 3563, further comprising monitoring the applied electrical 
30 current./ 
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3585. The method of claim 3563, further comprising monitoring a voltage applied to at 
least the three insulated conductors. 

/ 

3586. The method of claim 3563, further comprising^monitoring a temperature in at 
least the three insulated conductors with at least on^hermocouple. 

/ 

3587. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors, wherein the lead-in conductor 
comprises a low resistance conductor c^nfigOr^d to generate substantially no heat. 

3588. The method of claim 3563, further comp ising electrically coupling a lead-in 
conductor to at least the threa/lnsulated conductors using a cold pin transition conductor. 

3589. The method of claim 3563, further conrprising electrically coupling a lead-in 
conductor to at least the tMeejnsulated conductors using a cold pin transition conductor, 
wherein the cold pin transition conductorco^iprises a substantially low resistance 
insulated conductor. 

3590. The method of claim 35^3, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 

formation. / 

/ 

/ 

3591 . The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the^'overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3592. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein/the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3593. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disp^ed at a junction of the overburden 
casing and the opening. 



10 



3594. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casin^b^sposed in an overburden of the 

ses inhibiting a flow of fluid between 
the opening and the overburden, casing v/ith a pacldng material. 



3595. The method of cktfm 3563, firfther comprising heating at least the portion of the 
formation to substantial^ pyrolyze^t least som^f of the hydrocarbons within the 
formation. 



15 3596. A system configured to/heat a coal formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within an opening in the formation, and wherein the first conductor is configured to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from the first conductor 
20 to a section of the formation during use. 



3597. The system of claim 3596, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 

25 3598. The system of claim 3596, wherein the first conductor comprises a pipe. 

3599. The sysftem of claim 3596, wherein the first conductor comprises stainless steel. 



30 



3600. The system of claim 3596, wherein the first conduit comprises stainless steel. 
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3601 . The system of claim 3596, further comprising a/centralizer configured to maintain 
a location of the first conductor within the first conduit. 

3602. The system of claim 3596, further comprising a centralizer configured to maintain 
5 a location of the first conductor within the first conduit, wherein the centralizer comprises 

ceramic material. 

3603. The system of claim 3596, further ccfmprising a centralizer configured to maintain 
a location of the first conductor within the^ksnx^nduit, wherein the centralizer comprises 

10 ceramic material and stainless steel. 

3604. The system of claip 3596, wlyferein the opening comprises a diameter of at least 
approximately 5 cm. 

15 3605. The system of c/laim 3596; further comprising a lead-in conductor coupled to the 
first conductor, wheisinjl^leaa-in conductoy comprises a low resistance conductor 
configured to generate substa^ialiTnoiie^tyl 

3606. The system of claim 3596, furtheycomprising a lead-in conductor coupled to the 
20 first conductor, wherein the lead-in conductor comprises copper. 

3607. The system of claim 3596, further comprising a sliding electrical connector 
coupled to the first conductor. 

25 3608. The system of claim 3596, further comprising a sliding electrical connector 

coupled to the fi/st conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. 



3609. The system of claim 3596, further comprising a sliding electrical connector 
30 coupled to pe first conductor, wherein the sliding electrical connector is further coupled 
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to the first conduit, and wherein the sliding electrical Connector is configured to complete 
an electrical circuit with the first conductor and the first conduit. 



3610. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least throne sliding electrical connector is 
configured to generate less heat than the first/ conductor or the second conductor during 
use. / 

361 1. The system of claim 3596y^herdin thkfirst conduit comprises a first section and 
a second section, wherein amklaiess of the first section is greater than a thickness of the 
second section such that hdjt radiated/from the/first conductor to the section along the 
first section of the conduit'is less than heat radiated from the first conductor to the section 
along the second section of the coriduit. / 

3612. The system o/cIaiar3§3^toheryc a fluid disposed within the first 
conduit, wherein the fluid is configureSm^naintain a pressure within the first conduit to 
substantially inhibit deformation of the/first conduit during use. 



3613. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first/conduit. 

36 14. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within ther first conduit, wherein the thermally conductive fluid comprises 
helium. / 

3615. The sysftem of claim 3596, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to substantially inhibit arcing between the first 
conductor aiid the first conduit during use. 
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3616. The system of claim 3596, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configured to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 
of the first conduit during use. 

3617. The system of claim 3596, wherein /he first conductor is further configured to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 



3618. The system of claim 3596^i^Mercomprising a second conductor disposed within 
a second conduit and a third conductor disp osed within a third conduit, wherein first 
conduit, the second conduiLand theymird conduit are disposed in different openings of the 
formation, wherein the fimt conductor is electrically coupled to the second conductor and 
the third conductor, andAvhereinihe first, /second, and third conductors are configured to 
operate in a 3 -phase Configuration during use. 



3619. The system pf claim 3596, furtWer comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical eircti? 

3620. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an /electrical circuit with a connector. 

3621. The system/of claim 3596, further comprising an overburden casing coupled to 
the opening, wheyein the overburden casing is disposed in an overburden of the 
formation. 



3622. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, mid wherein the overburden casing comprises steel. 
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3623. The system of claim 3596, further comprising^ overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3624. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, and wherein a packing material indisposed at a junction of the overburden 
casing and the opening. 

3625. The system of claim 3596, furth^f comprising an overburden casing coupled to 
the opening, wherein the overbunien casing is disposed in an overburden of the 
formation, wherein a packing rnaterial/is disposed at a junction of the overburden casing 
and the opening, and wheyejn the packing material is further configured to substantially 
inhibit a flow of fluid between the Opening and pe overburden casing during use. 

3626. The system of^fehr^S^&^^ulher comprising an overburden casing coupled to 
the opening and a substantially /ow resistancpConductor disposed within the overburden 
casing, wherein the Substantially low resistance conductor is electrically coupled to the 
first conductor. 

3627. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and vperein the substantially low resistance conductor comprises carbon 
steel. 



30 



3628. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and A substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. 
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3629. The system of claim 3596, wherein the hea^d section of the formation is 
substantially pyrolyzed. 

3630. A system configurable to heat a coal formation, comprising: 
a first conductor configurable to be disposed in a first conduit, wherein the first 

conduit is configurable to be disposed within an opening in the formation, and wherein 
the first conductor is further configurable ty provide heat to at least a portion of the 
formation during use; and 

wherein the system is configurable to allow heat to transfer from the first 
conductor to a section of the foimationjluring use. 

363 1 . The system of claim 3630, wherein tl e first conductor is further configurable to 

generate heat during application of an electrical current to the first conductor. 

I ' / 

3632. The system of claim 3630, whereinfthe first conductor comprises a pipe. 

3633. The system oflclaim 3630, wherein the first conductor comprises stainless steel. 



20 3634. The system of claim 3630, wherein the first conduit comprises stainless steel. 



3635. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit. 

25 3636. The system of claim 3630, further comprising a centralizer configurable to 

maintain a location of the first conductor within the first conduit, wherein the centralizer 
comprises ceramic material. 

3637. The system of claim 3630, further comprising a centralizer configurable to 
30 maintain a location of the first conductor within the first conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 
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3638. The system of claim 3630, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

5 3639. The system of claim 3630, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor c/mprises a low resistance conductor 
configurable to generate substantially no heat/ 

3640. The system of claim 3630, further comprising a lead-in conductor coupled to the 
10 first conductor, wherein the lead-in conductor comprises copper. 

364 1 . The system of claim 3630, further comprising a sliding electrical connector 
coupled to the first conductor. 

/ 

/ 

15 3642. The system of cliim 3630, further comprising a sliding electrical connector 

coupled to the first cond ictor, wherein the sliping electrical connector is further coupled 
to the first conduit. 




/ 

3643. The system of claim 3630,' further comprising a sliding electrical connector 



20 coupled to the first conductor, wherein the/sliding electrical connector is further coupled 
to the first conduit, and wherein the sliding electrical connector is configurable to 
complete an electrical circuit with the first conductor and the first conduit. 



3644. The system of claim 3'630, further comprising a second conductor disposed within 
25 the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, ^/herein at least the one sliding electrical connector is 
configurable to generate leps heat than the first conductor or the second conductor during 
use. 



30 3645. The system of claSm 3630, wherein the first conduit comprises a first section and 
a second section, whereiji a thickness of the first section is greater than a thickness of the 
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second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated frpm the first conductor to the section 
along the second section of the conduit. 



3646. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to maintain a pressure within the first conduit 
to substantially inhibit deformation of the first/conduit during use. 



3647. The system of claim 3630, further comprising a thermally conductive fluid 
10 disposed within the first conduit. 



^ 15 



3648. The system of claim 3630, further comprising a thermally conductive fluid 
disposed within the first conduit, wherein the thermally conductive fluid comprises 



helium. 



3649. The system of claim 3630, 



conduit, wherein the fluid is 




her comprising a fluid disposed within the first 

ubstantially inhibit arcing between the first 



conductor and the first! conduit during use. 



20 3650. The system of claim 363y, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configurable to remove vapor produced 
from at least the heated portion^of the formation such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 
of the first conduit during use^ 

25 

365 1 . The system of claim 6630, wherein the first conductor is further configurable to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 



3652. The system of claim 3630, further comprising a second conductor disposed within 
30 a second conduit and a third conductor disposed within a third conduit, wherein first 

conduit, the second conduit and the third conduit are disposed in different openings of the 
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formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor, and wherein the first, second/; and third conductors are configurable 
to operate in a 3 -phase Y configuration during jise. 



3653. The system of claim 3630, further comprising a second conductor disposed within 
the first conduit, wherein the second conduZor is electrically coupled to the first 
conductor to form an electrical circuit. 



3654. The system of claim 36^tartl^er comprising a second conductor disposed within 
the first conduit, wherein th^second conductor is electrically coupled to the first 



conductor to form an electrical circuit with a 



connector. 



3655. The system of claim 3630yfurther comprising an overburden casing coupled to 
the opening, where^rthe overburden casing p disposed in an overburden of the 
formation. 



3656. The system of claim 3630, further comprising an overburden casing coupled to 

/ 

the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3657. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further- disposed in cement. 

t 

3658. The systen} of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3659. The system of claim 3630, further comprising an overburden casing coupled to 
the openings/wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3660. The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. 

3661 . The system of claim 3630, fu^er'cc^nprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherejfr/the substantially low Resistance conductor comprises carbon 
steel. 

3662. The system of claim 3630, fiipier comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable to support/ the substantially low resistance conductor 
within the overburden casing. 

3663. The system of claim 36?0, wherein the heated section of the formation is 
substantially pyrolyzed. 



3664. An in situ method for heating a coal formation, comprising: 
25 applying an electricAl current to a first conductor to provide heat to at least a 

portion of the formation, ^herein the first conductor is disposed in a first conduit, and 



wherein the first conduit 



s disposed within an opening in the formation; and 



allowing the heat to transfer from the first conductor to a section of the formation. 



30 3665. The method of ilaim 3664, wherein the first conductor comprises a pipe. 



738 



Conley, Rose & Tayon, P.C. 



3666. The method of claim 3664, wherein the first conductor comprises stainless steel. 

3667. The method of claim 3664, wherein the first conduit comprises stainless steel. 

5 3668. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a centralize/. 
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3669. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a^pefitrap^j , wherein the centralizer comprises 

10 ceramic material. 

3670. The method of claim 3664, furtner comprising maintaining a location of the first 
conductor in the first conduit with a ^entraliz^jr, wherein the centralizer comprises 
ceramic material and stainless steel.. 



15 



20 



3671. Themethoc 
connector to the firet conductor.- 



jrther comprising coupling a sliding electrical 



3672. The method of claim J664, further comprising electrically coupling a sliding 
electrical connector to the ficst conductor and the first conduit, wherein the first conduit 
comprises an electrical leacy configured to complete an electrical circuit with the first 
conductor. 



3673. The method of clfiim 3664, further comprising coupling a sliding electrical 
25 connector to the first conductor and the first conduit, wherein the first conduit comprises 
an electrical lead configured to complete an electrical circuit with the first conductor, and 
wherein the generate^ heat comprises approximately 20 percent generated by the first 
conduit. 



30 3674. The method of claim 3664, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 
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3675. The method of claim 3664, further comprising/determining a temperature 
distribution in the first conduit using an electromagnetic signal provided to the conduit. 



5 3676. The method of claim 3664, further comp/ising monitoring the applied electrical 
current. 

3677. The method of claim 3664, further comprising monitoring a voltage applied to the 
first conductor. 

10 

3678. The method of claim 3664, further comprising monitoring a temperature in the 
conduit with at least one thermocdupL 

3679. The method of cla^m 3664yfurther comprising coupling an overburden casing to 
15 the opening, wherein ifcf overburden casing is disposed in an overburden of the 

formation. 



3680. The method oJhdaim3jS6^ coupling an overburden casing to 

the opening, wherein/the overburden cafsin^is disposed in an overburden of the 
20 formation, and wherein the overburden casing comprises steel. 



3681. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the^overburden casing is disposed in an overburden of the 
i/tl 



25 



30 



formation, and wherein'the overburden casing is further disposed in cement. 

3682. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3683. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises^inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 



10 



15 



3684. The method of claim 3664, further comp/ising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to the first conductor. 

3685. The method of claim 3664, fu#Ke7cotoprising coupling an overburden casing to 
the opening, wherein a substantially loWresistatice conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conduct*^, and wl^rein the substantially low resistance conductor 
comprises carbon steel. 



3686. The method of c laim 3664,/flxrther comprising coupling an overburden casing to 
the opening, wherein a/substantially low resistance conductor is disposed within the 
overburden casing, wherein theliuEst^^ resistance conductor is electrically 

20 coupled to the first co iductor, afrid wherein the method further comprises maintaining a 



location of the substantially lop resistance jconductor in the overburden casing with a 
centralizer support. V 



3687. The method of claim 3664, further comprising electrically coupling a lead-in 
25 conductor to the first conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



30 



3688. The method of cyaim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises copper. 
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3689. The method of claim 3664, further comprising maintaining a sufficient pressure 
between the first conduit and the formation to /substantially inhibit deformation of the 
first conduit. v / 

5 3690. The method of claim 3664, further/comprising providing a thermally conductive 
fluid within the first conduit. 

3691 . The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit, wherein y the thermally conductive fluid comprises helium. 



10 



20 



3692. The method of claim 
conductor and the first conduit 




her comprising inhibiting arcing between the first 
a fkiid disposed within the first conduit. 



3693. The method^of claim 366^, further comprising removing a vapor from the 



1 5 opening using a perforated tube ^isposec 
control a pressure in the opening. 



3694. Theme 
through a perfc 



lod ofclar 



furthi 



proximate to the first conduit in the opening to 



r comprising flowing a corrosion inhibiting fluid 



ated tube disposed proximate to the first conduit in the opening. 



3695. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor to 
form an electrical circuit.] 



25 3696. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor 
with a connector. 



3697. The method off claim 3664, wherein a second conductor is disposed within a 
30 second conduit and a! third conductor is disposed within a third conduit, wherein the 

second conduit and tie third conduit are disposed in different openings of the formation, 
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wherein the first conductor is electrically coupled to/the second conductor and the third 
conductor, and wherein the first, second, and third conductors are configured to operate 
in a 3 -phase Y configuration. 



10 



15 



20 



25 



3698. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein at least one sliding electrical connector is coupled to the first 
conductor and the second conductor, and wherein heat generated by at least the one 
sliding electrical connector is less than heat/generated by the first conductor or the second 
conductor. 

3699. The method of claim 3664, wherein the first conduit comprises a first section and 

a second section, wherein a thickness of the first section is greater than a thickness of the 

second section such that heat r^afed^toi the first conductor to the section along the 

first section of the conduit is^less than hez| radiated from the first conductor to the section 

along the second section of the conduit. 

* / 



3700. The method of c 



/ 

aim 3664/ furthei 



an orifice in the first conduit. 



3701. The method off/claim 3 6M 

/ 

proximate to the first conduit and flowin. 



comprising flowing an oxidizing fluid through 



comprising disposing a perforated tube 

an oxidizing fluid through the perforated tube. 



30 



3702. The method of claim/3664, further comprising heating at least the portion of the 
formation to substantially pvrolyze at least some of the carbon within the formation. 

3703. A system configured to heat a coal formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within a first opening in/the formation; 

a second conductor disposed in a second conduit, wherein the second conduit is 
disposed within a second opening in the formation; 
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a third conductor disposed in a third conduit, wherein the third conduit is disposed 
within a third opening in the formation, wherein the first, second, and third conductors 
are electrically coupled in a 3 -phase Y configuration, and wherein the first, second, and 
third conductors are configured to provide heat to at least a portion of the formation 
5 during use; and 

wherein the system is configured to allow heat to transfer from the first, second, 
and third conductors to a selected section of the formation during use. 

3704. The system of claim 3703, wherein the first, second, and third conductors are 

10 further configured to generate heat during application of an electrical current to the first 
conductor. 

3705. The system of 9&im 3703, wperein the first, second, and third conductors 
comprise a pipe. 

15 

3706. The system of claim 3703,/wherein the first, second, and third conductors 
comprise staink 

3707. The system of claim 37ft3/$vh5rein the first, second, and third openings comprise 
20 a diameter of ai least approximately 5 cm. 



3708. The system of claim 3703, further comprising a first sliding electrical connector 
coupled to the first ^onductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 



25 




3709. The system of claim 3703, further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electrical connector is further 
coupled to the first conduit. 
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3710. The system of claim 3703, further comprising a second sliding electrical 
connector coupled to the second conductor, ^herein the second sliding electrical 
connector is further coupled to the second conduit. 



5 3711. The system of claim 3703, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third conduit. 



10 comprises a: 



15 



20 



3712. The system of claim<3703/ s wherein each of the first, second, and third conduits 
first section and a s^conli section, wherein a thickness of the first section is 
greater than a thickness of the seconc section such that heat radiated from each of the 
first, second, and third conductors to 

/ / 

conduits is less* than heat radiated from the first, second, and third conductors to the 



A 



section along tt e second section of 



3713. The system of clairrT 



the section along the first section of each of the 



ach of the conduits. 



ther comprising a fluid disposed within the first, 



second, and 



conduits dur! 



fird conduits, whereiin the fluid is configured to maintain a pressure within 



the first conduit to substantially inhibit deformation of the first, second, and third 



ng use. 



3714. The system of claim 3703, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 

3715. The system of claim 3703, further comprising a thermally conductive fluid 

25 disposed within the first, second, and third conduits, wherein the thermally conductive 
fluid comprises helium. 



30 



3716. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configured to substantially inhibit arcing 
between the first, second, and third conductors and the first, second, and third conduits 
during/use. 



745 



Conley, Rose & Tayon, P.C 





3717. The system of claim 3703, further comprisin^at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 
wherein at least the one tube is configured to remove vapor produced from at least the 
heated portion of the formation such that a pressure balance is maintained between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during use. 



3718. The system of claim 3703, wherein the first, second, and third conductors are 

10 further configured to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. 

3719. The system oflolaim 3703, further comprising at least one overburden casing 
coupled to the first, second, and tprd openiigs, wherein at least the one overburden 

15 casing is disposed in an overburden of the formation. 



20 



3720. The system of claim 3703, furthefcomprising at least one overburden casing 
coupled to the fir* ft second/and third openings, wherein at least the one overburden 
casing is disposed in an overburden of tjie formation, and wherein at least the one 
overburden casing comprises steel. 



25 



3721 . The system ofclaim 3703, further comprising at least one overburden casing 
coupled to the first, /Second, and third openings, wherein at least the one overburden 
casing is disposed An an overburden of the formation, and wherein at least the one 
overburden casing is further disposed in cement. 



30 



3722. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 
disposed fit a junction of at least the one overburden casing and the first, second, and third 
opening 
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3723. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation; wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is farther configured to substantially inhibit a 
flow of fluid between the first, second, and th^rd opening and at least the one overburden 
casing during use. 



3724. The system of claim 3703, wher^k^he heated section of the formation is 
substantially pyrolyzed. 



3725. A system configurable to he^t a coal/formation, comprising: 



second conduit is confi! 

a third conductor coi 



a first conductor fioiifiguraKle to be/disposed in a first conduit, wherein the first 

/osed within a first opening in the formation; 
a second conductor conpgurable to be disposed in a second conduit, wherein the 

be disposed within a second opening in the formation; 
fegurableyto-bg^disposed in a third conduit, wherein the third 
conduit is configurable/ to be disposes within a third opening in the formation, wherein 
the first, second, and tpird' conductors are further configurable to be electrically coupled 
in a 3 -phase Y configuration, and wherein the first, second, and third conductors are 
further configurable to /provide heat to at least a portion of the formation during use; and 
wherein the system is configurable to allow heat to transfer from the first, second, 
and third conductors/to a selected section of the formation during use. 



3726. The system of claim 3725, wherein the first, second, and third conductors are 
further configurable to generate heat during application of an electrical current to the first 
conductor. 



3727. The system of claim 3725, wherein the first, second, and third conductors 
comprise a pipe. 
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3728. The system of claim 3725, wherein the first, second, and third conductors 
comprise stainless steel. 

5 3729. The system of claim 3725, wherein the fir^t, second, and third opening comprise a 
diameter of at least approximately 5 cm. 



10 



3730. The system of claim 3725, further comprising a first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 



15 



373 1 . The system of claim 3725/furthejco: 
coupled to the first conductor v wherein tjfie firsi 
coupled to the first conduit. 



irising a first sliding electrical connector 
sliding electrical connector is further 



3732. The system of claim 3725, further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further cqupled to the /econd conduit. 

/ 

20 3733. The system ofc claim 372^, further comprising a third sliding electrical connector 
coupled to the third conductor, ^herein tqe third sliding electrical connector is further 
coupled to the third conduit. 



25 



3734. The system of claim 3725, wherein each of the first, second, and third conduits 
comprises a first section ana a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat/radiated from the first, second, and third conductors to the 
section along the secona section of each of the conduits. 



30 
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3735. The system of claim 3725, further comp/ising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is/configurable to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first, second, and third 
conduits during use. 

5 

3736. The system of claim 3725, further comprising a thermally conductive fluid 
disposed within the first, second, and third/conduits. 

3737. The system of claim 3725, further comprising a thermally conductive fluid 
10 disposed within the first, second, and th/rd conduits, wherein the thermally conductive 

fluid comprises helium. 



3738. The system of claim^S, 
second, and third conduitsywherein 

d(and 



15 between the first, secon 
during use. 



further comprising a fluid disposed within the first, 
|fhe fUuid is configurable to substantially inhibit arcing 
third Conductors and the first, second, and third conduits 



25 



3739. The systeny'of claim 3725/ further comprising at least one tube disposed within " 
the first, second, and third openings external to the first, second, and third conduits, 



20 wherein at least die 

/ 



jle to remove vapor produced from at least the 



heated portion of the formation/such that a pressure balance is maintained between the 
first, second, and third conduitjs and thjb first, second, and third openings to substantially 
inhibit deformation of the firs^, second, and third conduits during use. 

3740. The system of claim0725, wherein the first, second, and third conductors are 
further configurable to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. 



3741 . The system of claim 3725, further comprising at least one overburden casing 
30 coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in anpverburden of the formation. 
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3742. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing comprises steel. 



10 



3743. The system of claim 3725, further/comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of me formation, and wherein at least the one 
overburden casing is farther^tfsposed jikcement. 



3744. The system of claim 3725, fuhher domprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 



casing is disposed in an overburden of the 



urination, and wherein a packing material is 



=P 15 disposed at a junctjc 
V openings. 



tleast me one overburden casing and the first, second, and third 



20 
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3745. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, ana third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configurable to substantially inhibit 
a flow of fluid between th» first, second, and third opening and at least the one 
overburden casing during use. 

3746. The system of cl^fim 3725, wherein the heated section of the formation is 
substantially pyrolyzed./ 



3747. An in situ method for heating a coal formation, comprising: 
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applying an electrical current to a first conductor to provide heat to at least a 
portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within a first opening in the formation; 

applying an electrical current to a second conductor to provide heat to at least a 
portion of the formation, wherein the second conductor is disposed in a second conduit, 
and wherein the second conduit is disposed within a second opening in the formation; 

applying an electrical current to ^third conductor to provide heat to at least a 
portion of the formation, wherein the third conductor is disposed in a third conduit, and 
wherein the third conduit is disposed within a third opening in the formation; and 

allowing the heat to trarfsfer fijbjn the first, second, and third conductors to a 
selected section of the formation. 



3748. The method o 
comprise a pipe. 



;laim 3 747/ wherein the first, second, and third conductors 



15 ■ '\ j i 

3749. The methodf <i£claim 3/47, wherein the first, second, and third conductors 



comprise stainless Leel 



3750. The metho$ of claiip 3747, \yherein the first, second, and third conduits comprise 
20 stainless steel. 

375 1 . The method of olaim 3747, wherein the provided heat comprises approximately 
650 W/m to approximately 1 650 W/m. 

25 3752. The method of claim 3747, further comprising determining a temperature 
distribution in the first, second, and third conduits using an electromagnetic signal 
provided to the first, second, and third conduits. 



3753. The method of claim 3747, further comprising monitoring the applied electrical 
30 current. 
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3754. The method of claim 3747, further comprising monitoring a voltage applied to the 
first, second, and third conductors. 

3755. The method of claim 3747, further comprising monitoring a temperature in the 
first, second, and third conduits with at least one thermocouple. 

3756. The method of claim 3747, further comprising maintaining a sufficient pressure 
between the first, second, and third conduits an,a the first, second, and third openings to 
substantially inhibit deformation of the first, second, and third conduits. 

3757. The method of claim 3747, fupther-cx/mprising providing a thermally conductive 
fluid within the first, second, and/third cond/utts. 

3758. The method of clairti 3747, further/comprising providing a thermally conductive 
fluid within the first, second, and third conduits, wherein the thermally conductive fluid 
comprises helium. 



3759. The method of (jlaim 3747, fuifher comprising inhibiting arcing between the first, 
second, and third conductors and the first, secind, and third conduits with a fluid 
disposed within the first, secon37an^-&icd cojiduits. 

[/ 

3760. The method of claim 3747/further comprising removing a vapor from the first, 
second, and third openings using at least onl perforated tube disposed proximate to the 
first, second, and third conduits m the first, second, and third openings to control a 
pressure in the first, second, ana third openings. 



3761 . The method of claim 3747, wherein the first, second, and third conduits comprise 
a first section and a second section, wherein a thickness of the first section is greater than 
a thickness of the second secftion such that heat radiated from the first, second, and third 
conductors to the section along the first section of the first, second, and third conduits is 



752 



Conley, Rose & Tayon, P.C. 



0 



less than heat radiated from the first, second, and third conductors to the section along the 
second section of the first, second, and third conduits. 



3762. The method of claim 3747, further comprising flowing an oxidizing fluid through 



an orifice in the first, second, and third conduits. 



3763. The method of claim 3747, further comprising heating at least the portion of the 

/ 

formation to substantially pyroly^e^aO^st some of the carbon within the formation. 



/ 



formation, comprising: 



10 3764. A system configured to heat a coal 

a first conductor) disposed in a^onluit, wherein the conduit is disposed within an 
opening in the formation; and 

a second conductor disposed/in thjb conduit, wherein the second conductor is 
electrically coupled tq'fhe first conductof with a connector, and wherein the first and 
f; 15 second conductors are/confi^uredicLpr^vide heat to at least a portion of the formation 
11 during use; and 

y wherein the system is cqnfiguifed to allow heat to transfer from the first and 

* second conductors to a selected sectidn of the formation during use. 



l fi 20 3765. The system of claim 3764, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 



25 



3766. The system of cl^im 3764, wherein the first and second conductors comprise a 
pipe. 

3767. The system of^claim 3764, wherein the first and second conductors comprise 
stainless steel. 



30 



3768. The system pf claim 3764, wherein the conduit comprises stainless steel. 
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3769. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit. 

i 
t 

/ 

/ 

3770. The system of claim 3764, further comprising a centralizer configured to maintain 
5 a location of the first and second conductors 7 within the conduit, wherein the centralizer 

comprises ceramic material. / 

/ 

3771 . The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit, wherein the centralizer 

10 comprises ceramic material and stainless steel. 



3772. The system of claim 3764, 
approximately 5 cm. 



/j 



/ 




ein the opening comprises a diameter of at least 



+= 15 3 773 . The system of ilaim 3 764/ furtfa r comprising a lead-in conductor coupled to the 



first and second conductors, wherein the 



conductor configuredfcr 



3774. Thesysten 
20 first and second co 



lead-in conductor comprises a low resistance 



tgsubsta itially no heat. 



f claim 3764, furtHer comprising a lead-in conductor coupled to the 
uctors, wherein the lead-in conductor comprises copper. 



3775. The system of claim/3764, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 

25 first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section^of the conduit. 

/ 

3776. The system of c^aim 3764, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 

30 inhibit deformatipa of/the conduit during use. 
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3777. The system of claim 3764, further comprising a thermally conductive fluid 
disposed within the conduit. 

3778. The system of claim 3764, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermalfly conductive fluid comprises helium. 

3779. The system of claim 3764, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantial^ inhibit arcing between the first and second 
conductors and the conduit during us€ 



3780. The system of claim 3764, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is config ired to remove vapor produced from at 
least the heated portion] of the formatioiysuch that a pressure balance is maintained 
between the conduit aqd the opening tcy substantially inhibit deformation of the conduit 
during use. 



378 1 . The system or claim 3764, \yherein the jfirst and second conductors are further 
configured to generate nuHanTfieal^^ 650 W/m to approximately 1650 
W/m during use. ' 

3782. The systeift of claim 37tf4, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3783. The system of clainy3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3784. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein tHe overburden casing is disposed in an overburden of the 
formation, and whereih the overburden casing is further disposed in cement. 
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3832. The method of claim 3812, further comprising inhibiting arcing between at least 
the two conductors and the conduit with a fluid disposed within the conduit. 

5 3 83 3 . The method of claim 3812, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the conduit in the opening to 
control a pressure in the opening. 

3834. The method of claim 3812, further/comprising flowing a corrosion inhibiting fluid 
10 through a perforated tube disposed proximate to the conduit in the opening. 
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3835. The method of claim 3812 
second section, wherein a thicl 
second section such that heat radiate 
first section of the conduit/is less th; 
along the second section/of the co 



3836. The method of claini^ 
an orifice in the cone 



herein the conduit comprises a first section and a 
of the first section is greater than a thickness of the 

frpm the first conductor to the section along the 
n ^leat radiated from the first conductor to the section 

ther comprising flowing an oxidizing fluid through 



3837. The method 
proximate to the co 



o^f claim 3/81(2, further comprising disposing a perforated tube 
uit and/flowing an oxidizing fluid through the perforated tube. 



3838. The method of claim 3812, further comprising heating at least the portion of the 
25 formation to substantially royrolyze at least some of the carbon within the formation. 



30 



3839. A system configured to heat a coal formation, comprising: 

at least one conductor disposed in a conduit, wherein the conduit is disposed 
within an opening in me formation, and wherein at least the one conductor is configured 
to provide heat to at lpast a first portion of the formation during use; 
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at least one sliding connector, wherein at least me one sliding connector is 
coupled to at least the one conductor, wherein at least the one sliding connector is 
configured to provide heat during use, and whereinyneat provided by at least the one 
sliding connector is substantially less than the hea/ provided by at least the one conductor 
5 during use; and 

wherein the system is configured to allo/W heat to transfer from at least the one 
conductor to a section of the formation during/use. 

3840. The system of claim 3839, wherein at least the one conductor is further 
10 configured to generate heat during^plicatl^n of an electrical current to at least the one 

conductor. 

3841 . The system of clajm 3839, wherein at least the one conductor comprises a pipe. 



4= 15 3842. The system ofpaim 3839/whereija at least the one conductor comprises stainless 
steel. i 

I u 

3843. The system of claim 3,839, wherein the conduit comprises stainless steel. 



20 3844. The system of claim 3839,4urther comprising a centralizer configured to maintain 
a location of at least the o4e conductor within the conduit. 



3 845 . The system o^claim 3839, further comprising a centralizer configured to maintain 
a location of at leasyhe one conductor within the conduit, wherein the centralizer 
25 comprises ceramic material. 



3846. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 
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3847. The system of claim 3839, wherein the opening/comprises a diameter of at least 
approximately 5 cm. / 



3848. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises a low resistance 
conductor configured to generate substantially ho heat. 



3849. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 



3850. The system of claim 3839, wherein the cpnduit comprises a first section and a 

/ I I 

second section, wherein a thickness of die first ^section is greater than a thickness of the 
second section such that heat radiated^from thi first conductor to the section along the 
first section of the conduft is less than heat radiated from the first conductor to the section 
15 along the second section If the conduit. 



385 1 . The system of epim 3839/ further comprising a fluid disposed within the conduit, 

/ / * I 

wherein the fluid is configured to maintain a pressure within the conduit to substantially 



inhibit deformation of the conduit during uS 

f ! / 

3852. The system 'of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit./ 



3853. The system of clajn 3839, further comprising a thermally conductive fluid 
25 disposed within the conduit, wherein the thermally conductive fluid comprises helium. 



3854. The system of claim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inhibit arcing between at least the one 
conductor and the cqnduit during use. 

30 
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3855. The system of claim 3839, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of the formation such mat a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 



3856. The system of claim 3839, wherein at least the one conductor is further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3857. The system of claim 3839, furtner comprising an overburden casing coupled to 
the opening, wherein the oyerburden /asing is disposed in an overburden of the 
formation. 

/ 

L I / 

3858. The system of claim 3 839, /further; comprising an overburden casing coupled to 
the opening, whereirythe,' overburden casing is disposed in an overburden of the 
formation, and wherein .the overburden .basing comprises steel. 



3859. The system 



r 



Declaim 3839, further comprising an overburden casing coupled to 



the opening, where^/the ovetourden/casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3 860. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the Overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3861. The system of^laim 3839, further comprising an overburden casing coupled to 
the opening, whereirythe overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3862. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor. 
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3863. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially tfw resistance conductor is electrically coupled to at 
least the one conductor, and wherein the substantially low resistance conductor comprises 
carbon steel. 

„ , / 

3864. The system of claim 3839, further comprising an overburden casing coupled to 

the opening and a substantially loW resistance conductor disposed within the overburden 

// / / 

casing and a centralizer ecbfigurgd to supjport the substantially low resistance conductor 
within the overburden casing. 




3865. The system of claim 3889, wherein the heated section of the formation is 
substantially pyrolyzed. ' v ^ 



3866. A system configurable to heat a coal formation, comprising: 

at least one conductor configurable to be disposed in a conduit, wherein the 
25 conduit is configurable to be disposed within an opening in the formation, and wherein at 
least the one conductor is further configurable to provide heat to at least a first portion of 
the formation during use; i 

at least one sliding connector, wherein at least the one sliding connector is 
configurable to be couplid to at least the one conductor, wherein at least the one sliding 
30 connector is further configurable to provide heat during use, and wherein heat provided 
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by at least the one sliding connector is substantially less than the heat provided by at least 
the one conductor during use; and 

wherein the system is configurable^ to allow heat to transfer from at least the one 
conductor to a section of the formation during use. 

3867. The system of claim 3866, wherein at least the one conductor is further 
configurable to generate heat during Application of an electrical current to at least the one 
conductor. 

3868. The system of claim 3£66jfwherein at least the one conductor comprises a pipe. 

3869. The system of^laim 38^6, wherein at least the one conductor comprises stainless 
steel. 

3870. The system of claimy3866, wherein the conduit comprises stainless steel. 

3871 . The system of claim 3866/ further comprising a centralizer configurable to 
maintain a loeatioiTofat^ conductor within the conduit. 



3872. The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of/at least the one conductor within the conduit, wherein the 
centralizer comprises' ceramic material. 

3873. The system /of claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 

3874. The system of claim 3866, wherein the opening comprises a diameter of at least 
approximately p cm. 
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3875. The system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially/no heat. 

5 3876. The system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 

3877. The system of claim 3866, wherein the conduit comprises a first section and a 



10 
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second section, wherein a thickness'of the fr 



st section is greater than a thickness of the 



second section such that heat radiated fi^om tie first conductor to the section along the 
first section of the conduit is/less than heat radiated from the first conductor to the section 



along the second section oj the conduit. 



3878. The system of claim 3866, fiirthe^comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to/maintain a pressure within the conduit to substantially 



inhibit deformation of the conduf 



ise. 



3879. The system of ^aim 386©, further comprising a thermally conductive fluid 
disposed within the conduit. 

3880. The system of claim 3866, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 



3881. The system of claim/ 3 866, further comprising a fluid disposed within the conduit, 
25 wherein the fluid is configurable to substantially inhibit arcing between at least the one 
conductor and the conduit/during use. 



30 



3882. The system of claim 3866, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated portion of the formation such that a pressure balance is maintained 
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between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 

3883. The system of claim 3866, wherein atieast the one conductor is further 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3884. The system of claim 386#, further comprising an overburden casing coupled to 



the opening, wherein the ove^ourden casi/ig 
formation. 



is disposed in an overburden of the 



3885. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein wL overburden iasing/is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3886. The system off claim 3866, ftirtfierjfa^ an overburden casing coupled to 

the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

20 3887. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

25 3888. The system of claim/3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 
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3889. The system of claim 3866, further comprising an/overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor. 
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3890. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein th^substa^tially low resistance conductor comprises 
carbon steel. 



3891. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable tp support the substantially low resistance conductor 
15 within the overburden casing. 




3892. The system of claim 3866, )vhereinThe4ieated section of the formation is 
substantially pyrolyzedjy 

3893. An in situ method for heating a cpal formation, comprising: 
applying an electrical current to at least one conductor and at least one sliding 

connector to provide heat to at least a portion of the formation, wherein at least the one 
conductor and at least the one sliding connector are disposed within a conduit, and 
wherein heat provided by at/least the one conductor is substantially greater than heat 
provided by at least the one sliding connector; and 

allowing the heat to transfer from at least the one conductor and at least the one 
sliding connector to a section of the formation. 



3894. The method of claim 3893, wherein at least the one conductor comprises a pipe. 



30 
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3895. The method of claim 3893, wherein at le&st the one conductor comprises stainless 
steel. 

3896. The method of claim 3893, wherein thk conduit comprises stainless steel. 

3897. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduit with a centralizer. 



3898. The method of claim 3893, further comprising maintaining a location of at least 
10 the one conductor in the conduit with j^centr^zer, wherein the centralizer comprises 
ceramic material. 



15 
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3899. The method of cl^im3«93, 
the one conductor in the coimuit wit) 
ceramic material and stainless stee 



ther comprising maintaining a location of at least 
a centralizer, wherein the centralizer comprises 



/ 



3900. The method of «5laim 3893, wherein the provided heat comprises approximately 
650 W/m to approxim&ely 165(/w/m. 



II 



!. 



3901 . The method df claim 3/593, further com^dsing determining a temperature 
/ . / / 

distribution in the cohduit usi/ng an electromagnetic signal provided to the conduit. 



25 



3902. The method of clainji 3893 /further comprising monitoring the applied electrical 
current. 

3903. The method of clzjfim 3893, further comprising monitoring a voltage applied to at 
least the one conductor. 



3904. The method of claim 3893, further comprising monitoring a temperature in the 
30 conduit with at least one thermocouple. 
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3905. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3906. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



yy 
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3907. The method of claim 3893, further^mprisingVcoupling an overburden casing to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, and wherein the overburden casing is furthe :: disposed in cement. 



3908. The method of claim 
the opening, wherein the oveiri 
formation, and wherein a pac 
casing and the opening. 



3893, further comprising /coupling an overburden casing to 



Jurden casing is disposed in an overburden of the 
cing materia/is disposed at a junction of the overburden 



3909. The method of clahj 



£ 20 formation, and wherein the 



3893, 



Kipling an overburden casing to 



ler compns 

the opening, wherein the overburden basing is disposed in an overburden of the 



/: 



method ftirther comprises inhibiting a flow of fluid between 
the opening and the overburden cas/ng with a yacking material. 

39 1 0. The method of claim 3893/ further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and wherein/the substantially low resistance conductor is electrically 
coupled to at least the one conductor. 



30 



3911. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
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coupled to at least the one conductor, and wherein the substantially low resistance 
conductor comprises carbon steel. 

3912. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor, ana wherein the method further comprises 
maintaining a location of the substantially low resistance conductor in the overburden 
casing with a centralizer support. 

3913. The method of clain/3893, further comprising electrically coupling a lead-in 
conductor to at least tie one conduptorjwherein the lead-in conductor comprises a low 
resistance conductor^^mfigured tg generate substantially no heat. 

w / 

15 3914. The method/of claim 3893, further comprising electrically coupling a lead-in 

conductor to at least the one conductor, wherein the lead-in conductor comprises copper. 
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3915. The method of claim J893 jfluther^Dmprising maintaining a sufficient pressure 
between the co jluit and the formation to substantially inhibit deformation of the conduit. 

3916. The method of claii^ 3893,. further comprising providing a thermally conductive 
fluid within the conduit. 



3917. The method of claim 3893, further comprising providing a thermally conductive 
25 fluid within the conduit, /wherein the thermally conductive fluid comprises helium. 



3918. The method of claim 3893, further comprising inhibiting arcing between the 
conductor and the conduit with a fluid disposed within the conduit. 
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3919. The method of claim 3893, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the conduit in the opening to 
control a pressure in the opening. 

5 3920. The method of claim 3893, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 

3921 . The method of claim 3893, furthp comprising flowing an oxidizing fluid through 
an orifice in the conduit. 



10 



3922. The method of claim 3893, farther co/nprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 



3923. The methodjof claim 389j, further comprising heating at least the portion of the 
15 formation to substantially pyro/yze at least some of the carbon within the formation. 



20 




rmation, comprising: 



d member disposed within an opening in the formation, 
ngated /member is configured to provide heat to at least a 



3924. A system configured/ 

at least/ 
wherein at les 

portion of th^ formation during u^e; and 

wherein the system is configured to allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 



3925. The system pf claim 3924, wherein at least the one elongated member comprises 
25 stainless steel 

3926. The system of claim 3924, wherein at least the one elongated member is further 
configured to generate heat during application of an electrical current to at least the one 
elongated member. 
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3927. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member. 

3928. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, and wherein the support member comprises openings. 



3929. The system of claim 3924, 
least the one elongated member, 
least the one elongated member, wherf 
wherein the openings are 
elongated member dur^ri: 



lprising a support member coupled to at 
tfn the iupport member is configured to support at 
nn the support member comprises openings, 



carbon deposition on o: 



gured ko flow f a fluid along a length of at least the one 
and wherein the fluid is configured to substantially inhibit 
proximate ko at least the one elongated member during use. 



3930. The system of ^claim 3924, further comprising a tube disposed in the opening, 



wherein the tube cor 
along a length of at 



s e c openings, whe i^inthe openings are configured to flow a fluid 



least the one elongated member during use, and wherein the fluid is 
configured to substantially inhabit carbon deposition on or proximate to at least the one 
elongated member during us£. 



393 1 . The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configured to electrically isolate at least 
the one elongated member. 



3932. The system of olaim 3924, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the/centralizer is configured to maintain a location of at least the one 
elongated member on the support member. 
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3933. The system of claim 3924, wherein the/opening comprises a diameter of at least 
approximately 5 cm. 

3934. The system of claim 3924, furtherycomprising a lead-in conductor coupled to at 
5 least the one elongated member, wherei^i the lead-in conductor comprises a low 

resistance conductor configured to generate substantially no heat. 

3935. The system of claim 3924^fvS^\GT comprising a lead-in conductor coupled to at 
least the one elongated mejrfoer, wpereip the lead-in conductor comprises a rubber 

10 insulated conductor. 

3936. The system .of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

7 J I 

15 3937. The system of clainjf 3924, farther comprising a lead-in conductor coupled to at 



least the one elongated member with a cold pin transition conductor 



3938. The 
least the on 




, further comprising a lead-in conductor coupled to at 

pin transition conductor, wherein the cold pin 



member 

/ 

20 transition conductor comprises a substantially low resistance insulated conductor. 



3939. The system/of claim 3924, wherein at least the one elongated member is arranged 
in a series electrical configuration. 



25 3940. The system of claim 3924, wherein at least the one elongated member is arranged 
eled 



in a parallel electrical configuration. 



394 1 . The system of claim 3924, wherein at least the one elongated member is 
configured tfo generate radiant heat of approximately 650 W/m to approximately 1650 
30 W/m during use. 
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3942. The system of claim 3924, further comprising/a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to c<ptrol a pressure in the opening during 
use. 

3943. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/iisposed in an overburden of the 
formation. 



10 
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3944. The system of claim 3924, further comprising an overburden casing coupled to 



the opening, wherein the overburden casing is di 



sposed in an overburden of the 



formation, and wherein the ov^burden casing comprises steel 



3945. The system of cla 
the opening, wherein the 



3924, further comprising an overburden casing coupled to 
verburden dasing is^disposed in an overburden of the 
formation, and wherein pie overburden casing is further disposed in cement. 



3946. The system of claim 3924, flUther eompn5mg-an overburden casing coupled to 
the opening, wherein 1 ie overburden casing is disposed in an overburden of the 
20 formation, and whereii a packin^/materitl is disposed at a junction of the overburden 
casing and the opening. 



25 



3947. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



30 



3948. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3949. The system of claim 3924, wherein the heated Section of the formation is 
5 substantially pyrolyzed. 



3950. A system configurable to heat a coal formation, comprising: 

at least one elongated member configurable to be disposed within an opening in 
the formation, wherein at least the one elongated member is further configurable to 
provide heat to at least a portion of the foratfition diking use; and 



10 



wherein the system is configure to pow ljeat to transfer from at least the one 
elongated member to a section of the formation during use. 



395 1 . The system of claim ^50, whereirj' at leas|' the one elongated member comprises 
15 stainless steel. 



20 




3952. The system of claim 3950, whe/ein at least the one elongated member is further 
configurable to generate t/eat 
elongated member. 



icatipn of an electrical current to at least the one 



3953 . The system of dlaim 3950, further ^omprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member. / 



25 3954. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member, and wherein the support member comprises openings. 

3955. The system of claim 3950, further comprising a support member coupled to at 
30 least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member, wherein the support member comprises openings, 
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wherein the openings are configurable to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configurable to substantially 
inhibit carbon deposition on or proximate to ameast the one elongated member during 
use. 

3956. The system of claim 3950, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wKerein the openings are configurable to flow a 
fluid along a length of at least the one e/ongated member during use, and wherein the 
fluid is configurable to substantially inhibit carbon deposition on or proximate to at least 
the one elongated member during us 



3957. The system of clabn 3950/ further comprising a centralizer coupled to at least the 

/ / f 

one elongated member^whereiiythe centralizer is configurable to electrically isolate at 
least the one elongated member. 1 



3958. The system/of claim 3950, fiirther comprising a centralizer coupled to at least the 



one elongated m^aber and 
member, whereiqfthe centj/alizerl: 
elongated membJbr on th 



support member coupled to at least the one elongated 

urable to maintain a location of at least the one 
support' member. 



3959. The system of claim 3950, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



3960. The system of claim 3950, further comprising a lead-in conductor coupled to at 
25 least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 



30 



3961 . The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated conductor. 
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3962. The system of claim 3950, further comprising a/ead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

3963. The system of claim 3950, further comprising a lead-in conductor coupled to at 
5 least the one elongated member with a cold pin/transition conductor. 



10 
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mprising a lead-in conductor coupled to at 
least the one elongated member With a cojuj pin transition conductor, wherein the cold pin 

ises a : 



3964. The system of claim 3950, 
least the one elongated member W 

transition conductor comprises a substantially low resistance insulated conductor 



3965. The system of claim 3950, \yherein at least the one elongated member is arranged 
in a series electrical configurationy 

//< / 

// 

3966. The system o/F claim 3950, whefetn-aUeast the one elongated member is arranged 
in a parallel electric/l configuration. 
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3967. The system of claim 3950, wherein at least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3968. The system of claim 3950, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable tp remove vapor from the opening to control a pressure in the opening 
during use. 

3969. The system of claim 3950, further comprising an overburden casing coupled to 
the opefiing, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3970. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

5 3971 . The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing^s further disposed in cement. 

3972. The system of claim 3950, further comprising an overburden casing coupled to 
10 the opening, wherein'the overburden casingis-disposed in an overburden of the 

formation, and wherein a packing material is dispose!^ at a junction of the overburden 
casing and the opening. 

3973. The system of claim 3^50, furthe^ comprising an overburden casing coupled to 
4 s 15 the opening, wherein the overburden casing is disposed in an overburden of the 

J: formation, wherein a pacing materials disposed at a junction of the overburden casing 

ff s and the opening, and wh^elrTthe-paekia^ 

trb* / / / f '_ 

if § I 

Z ! ill 

jr 3974. The system of claim 3950, further comprising an overburden casing coupled to 

m I 

s * 20 the opening, wherein the overburden casing indisposed in an overburden of the 
Q formation, wherein a packing material is disposed at a junction of the overburden casing 

and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between*he opening and the overburden casing during use. 

25 3975. The system of claim ^950, wherein the heated section of the formation is 
substantially pyrolyzed. 

3976. An in situ method for heating a coal formation, comprising: 

applying an electrical current to at least one elongated member to provide heat to 
30 at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening of tlye formation; and 
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/ 

/ 

if 

allowing heat to transfer from at least the one elongated member to a section of 
the formation. 

/ 

3977. The method of claim 3976, wherein at least the one elongated member comprises 
5 a metal strip. / 

/ 

/ 

3978. The method of claim 3976, wherein at least the one elongated member comprises 
a metal rod. 

/ 

10 3979. The method of claim 39J6|-'wh$rein at least the one elongated member comprises 
stainless steel. 



3980. The method of/claim 3976, further comprising supporting at least the one 
elongated mertfber on a center support member. 



398 1 . The method of claim 3'976, further comprising supporting at least the one 

elongated member on a center support member, wherein the center support member 

/ * 
comprises a tub£L_ / 



t 



20 3982. The mfethod of claim 3976, further comprising electrically isolating at least the 

/ / 
one elongated member with a centralizer. 

/ 

3983. The method of claim 3976, further comprising laterally spacing at least the one 
elongated member with/a centralizer. 

3984. The method of claim 3976, further comprising electrically coupling at least the 
one elongated member in a series configuration. 



3985. The method/of claim 3976, further comprising electrically coupling at least the 
30 one elongated member in a parallel configuration. 
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3986. The method of claim 3976, wherein th/provided heat comprises approximately 
650 W/m to approximately 1650 W/m. / 



3987. The method of claim 3976, further/comprising determining a temperature 
distribution in at least the one elongated member using an electromagnetic signal 
provided to at least the one elongated member. 



10 
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3988. The method of claim 3976, further comprising monitoring the applied electrical 
current. 




i 

3990. The method #f claim 3976, furthe 



3989. The method of claim 3976, furthejr comprising monitoring a voltage applied to at 

least the one elongated member. 

f I 



r comprising monitoring a temperature in at 



least the one elongated member with at lieast one thermocouple. 



3991. The method of claim 3976, further comprising supporting at least the one 



elongated member on a cem 




member, wherein the center support member 



comprises openings, the method further comprising flowing an oxidizing fluid through 
20 the openings to su 3stantially/inhibit ckrbon deposition proximate to or on at least the one 



elongated member. 



i 



3992. The method of claim 3976, further comprising flowing an oxidizing fluid through 
a tube disposed proximate to at least the one elongated member to substantially inhibit 
carbon deposition proximate to or on at least the one elongated member. 



3993. The method of olaim 3976, further comprising flowing an oxidizing fluid through 
an opening in at least ttte one elongated member to substantially inhibit carbon deposition 
proximate to or on at least the one elongated member. 



30 
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3994. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member/wherein the lead-in conductor comprises 

a low resistance conductor configured to generate substantially no heat. 

/ 

3995. The method of claim 3976, further ^omprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor. 

/ 

4 

3996. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elofiga^\m ern b er using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. \ / j 

j 

i 

3997. The method of claim 3976y furtjier comprising coupling an overburden casing to 
the opening, wherein/the overburden casing is disposed in an overburden of the 




15 formation. 




her comprising coupling an overburden casing to 



the opening, wherein the overburdencasihg comprises steel. 



20 3999. The method of claim^3976, fi other comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 



4000. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
25 casing and the opening./ 



30 



4001 . The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein/a packing material is disposed at a junction of the overburden 
casing and the opening, and wherein the method further comprises inhibiting a flow of 
fluid between the opening and the overburden casing with the packing material. 
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4002. The method of claim 3976, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



4003. A system configured to heat a coal formation, comprising: 
5 at least one elongated member disposed within an opening in the formation, 

wherein at least the one elongated member is configured to provide heat to at least a 
portion of the formation during use; / 
an oxidizing fluid source; j 

a conduit disposed within the opening, wherein the conduit is configured to 
10 provide an oxidizing fluid from the oxidizu4-fluid source to the opening during use, and 
wherein the oxidizing fluid is selec^d'f^ubstar^ially inhibit carbon deposition on or 
proximate to at least the one elongated member during use; and 

wherein the system is configured/to allow 
elongated member to a se<*iqnof the formation during use. 



15 



heat to transfer from at least the one 



4004. The system of claim 4003, wherein at le^st the one elongated member comprises 
stainless steel. / 



4005. The system of claim 4003^wher£Sn-aU^ one elongated member is further 
20 configured to generate/ heat during application of an electrical current to at least the one 



elongated member 

/ v( 

4006. The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
25 elongated member. 



4007. The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
elongated member, and yherein the conduit comprises openings. 

30 
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4008. The system of claim 4003, further comprising a,centralizer coupled to at least the 
one elongated member and the conduit, wherein the^entralizer is configured to 
electrically isolate at least the one elongated member from the conduit. 



5 4009. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to maintain 
a location of at least the one elongated member on the conduit. 

4010. The system of claim 4003, wherein the opening comprises a diameter of at least 
10 approximately 5 cm. 



ead-in conductor comprises a low 



15 



25 




401 1 . The system of claim 4^03, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the 
resistance conductor comfigured to generate substantially no heat. 



4012. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member/wherein tpe lead-in conductor comprises a rubber 
insulated conductc 

^£ 20 4013. The system of claim 4003, further comprising a lead-in conductor coupled to at 
□ least the one elongated member, wherean the lead-in conductor comprises copper wire. 



4014. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 



4015. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongat^ member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 



30 4016. The systeny of claim 4003, wherein at least the one elongated member is arranged 
in a series electriqal configuration. 
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4017. The system of claim 4003, wherein at least t\p one elongated member is arranged 
in a parallel electrical configuration. 



5 401 8. The system of claim 4003, wherein at least the one elongated member is 

configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

4019. The system of claim 4003^furthe/compnsing a perforated tube disposed in the 
10 opening external to at least the'one elongated md tiber, wherein the perforated tube is 
configured to remove vajjior'firom the opening to/control a pressure in the opening during 
use. ' ' / 



4020. The system ofyclaim 4003,/further comprising an overburden casing coupled to 
15 the opening, whereirythe overburden casing p disposed in an overburden of the 
formation. 



20 



4021. The system of claim ,4003, furtheyctrmpdsing an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein thfe overburdery casing comprises steel. 



25 



4022. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein /the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



4023. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, ancy wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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4024. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

and the opening, and wherein the packing material comprises cement. 

/ 

/ 

4025. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing i^ disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packmg^matorial is further configured to substantially 
inhibit a flow of fluid between the je^ening andlthe overburden casing during use. 



4026. The system of claim 4003, wherein thd heated section of the formation is 



substantially pyrolyzed. 



wh< 



at least one elong* 
the formation, wherein ~ A 



ted 

lea. 



15 4027. A system configui^ble^t^ heat a cokl formation, comprising: 

^nfigurable to be disposed within an opening in 
;t the one elongated member is further configurable to 
provide heat to at least k paftion of the/formation during use; 

a conduit configurable to be d/sposed within the opening, wherein the conduit is 
20 further configurable to provide an oxidizing fluid from the oxidizing fluid source to the 
opening during use, arid wherein the system is configurable to allow the oxidizing fluid to 
substantially inhibit Carbon deposition on or proximate to at least the one elongated 
member during us^, and 

wherein the system is further configurable to allow heat to transfer from at least 
25 the one elongated member to a section of the formation during use. 



4028. The /ystem of claim 4027, wherein at least the one elongated member comprises 
stainless steel. 
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4029. The system of claim 4027, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. 

5 4030. The system of claim 4027, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configurable to support at least the one 
elongated member. 

403 1 . The system of claim 4027, wherein at least the one elongated member is coupled 
10 to the conduit, wherein the conduit is furthe^configurable to support at least the one 
elongated member, and wherein the^eonduit comprises openings. 



t=SE> 



4032. The system of claim ^027, further comprising a centralizer coupled to at least the 
one elongated member ahd/the conduit, wherein the centralizer is configurable to 
15 electrically isolate at leist the one elongated/member from the conduit. 
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4033. The system o^Cteini4027, further/comprising a centralizer coupled to at least the 
one elongated memper and the concftrivAherein the centralizer is configurable to 

maintain a location of at least the one elongated member on the conduit. 

/ ; I 

4034. The system of claim' 4027, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

/ 

4035. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 
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4036. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated conductor. 
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4037. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the4ead-in conductor comprises copper wire. 

4038. The system of claim 4027, furthe/ comprising a lead-in conductor coupled to at 
least the one elongated member with a icold pin transition conductor. 

4039. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated membejLwith a cold pin transition conductor, wherein the cold pin 

transition conductor comprises a/^bstantially low resistance insulated conductor. 

/ 

4040. The sy stead of claim 4027, ^vherein at least the one elongated member is arranged 
in a series electrical configuratic 



tion/ 



// 



4041 . The system of claim 402#, wherein at least the one elongated member is arranged 

J 

in a parallel electrical configuration. 



4042. Th^ystem oFe&im 4027 
configurable to generate radfaiit 
W/m during use. / 



, wherein at least the one elongated member is 
heat of approximately 650 W/m to approximately 1650 



4043. The system of claim 4027, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable y to remove vapor from the opening to control a pressure in the opening 
during use. 



4044. Tne system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3785. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

z 

3786. The system of claim 3764, furthe^comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein thejwrking material is further configured to substantially 
inhibit a flow of fluid between^tfie opening and the overburden casing during use. 



3787. The system of claim 3764, ^herein the heated section of the formation is 
substantially pyrolyzed/ 



3788. A system configurablepiLeat a coal formation, comprising: 

a first conductor configurable to be disposed in a conduit, wherein the conduit is 
configurable to baydisposed within an opening in the formation; and 

a second conductor configurable to be disposed in the conduit, wherein the second 
conductor is configurable to be electrically coupled to the first conductor with a 
connector, and wherein the first and second conductors are further configurable to 
provide heat to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the first and 
second conductors to a selected section of the formation during use. 

/ 

3789. The system of claim 3788, wherein the first conductor is further configurable to 
generatemeat during application of an electrical current to the first conductor. 

3790/ The system of claim 3788, wherein the first and second conductors comprise a 
Pip? 
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3 79 1 . The system of claim 3788, wherein the first and second conductors comprise 
stainless steel. 



3792. The system of claim 3788, wherein the conduit comprises stainless steel. 



3793. The system of claim 3788, further comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit. 

3794. The system of claim 3788, further comprising a centralizer configurable to 

10 maintain a location of the first and second conductors within the conduit, wherein the 
centralizer comprises ceramic material. 
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3795. The system of claim 3788^further^comjdsing a centralizer configurable to 
maintain a location of the first and second conductors within the conduit, wherein the 

15 centralizer comprises ceramic material Jnd stainless steel. 

/ 

3796. The system of daim 3788, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



20 




3797. The system dtf claim37^8^fiirtheD comprising a lead-in conductor coupled to the 
first and second conductors, wherein the/ 



conductor configui 



/ 



^n conductor comprises a low resistance 



le to generate substantially no heat. 



3798. The system of claim 3788, further comprising a lead-in conductor coupled to the 
25 first and second conductors/wherein the lead-in conductor comprises copper. 



30 



3799. The system of claim 3788, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such thay heat radiated from the first conductor to the section along the 
first section of the conauit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 
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3800. The system of claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 

/ 

3801 . The system of claim 3788, farther comprising a thermally conductive fluid 
disposed within the conduit. 

3802. The system of claim 3788, further comprising a thermally conductive fluid 

/ i 

10 disposed within the conduit, wherein the thermally conductive fluid comprises helium. 



15 



20 



3803. The systefm of claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurablfe to substantially inhibit arcing between the first and 



second conduf 



■ conpuit during use. 



3804. The system of claim 3j788, further comprising a tube disposed within the opening 
external to tne conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated^portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 



25 



3805. The system of claim 3788, wherein the first and second conductors are further 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3806. /The system of claim 3788, further comprising an overburden casing coupled to 
the onening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3807. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3808. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3809. The system of claim 3788, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein a packifigm^terial is disposed at a junction of the overburden 
casing and the opening. 



3810. The system of diaim 3788, rart ler comprising an overburden casing coupled to 
15 the opening, wherein tl le overburden rasing is disposed in an overburden of the 

formation, wherein a pjacking materia| is disposed at a junction of the overburden casing 

jnaterial is further configurable to substantially 
le or/ening and the overburden casing during use. 



25 



and the opening, and 
inhibit a flow of fluid 



wheren 
between tl 



20 3811. The system of claim 3^88, vsfherein the heated section of the formation is 
substantially pyrolyzed. 



3812. An in situ method fc/r heating a coal formation, comprising: 

applying an electrical current to at least two conductors to provide heat to at least 
a portion of the formation/ wherein at least the two conductors are disposed within a 
conduit, wherein the conduit is disposed within an opening in the formation, and wherein 
at least the two conductors are electrically coupled with a connector; and 

allowing heat to/transfer from at least the two conductors to a selected section of 
the formation. 



30 



3813. The method od claim 3812, wherein at least the two conductors comprise a pipe. 
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/ 

/ 

/ 

3814. The method of claim 3812, wherein at least the two conductors comprise stainless 
steel. * 



3815. The method of claim 3812, wherein the conduit comprises stainless steel. 

3816. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit with a centralizer. 



3817. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit witha centralizer, wherein the centralizer comprises 
ceramic material. 




3818. The method of claim 3812, further comprising maintaining a location of at least 

the two conductors in die conduit with a pentralizer, wherein the centralizer comprises 

I / 
ceramic material and stainless steel. 

/ 

3819. The method iiTdaS^ the provided heat comprises approximately 
650 W/m to approximately 1650 W/m/ 



3820. The method of claim 3812, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 



3821. The method of claim 3812, further comprising monitoring the applied electrical 
current. 

3822. The method of claim 3812, further comprising monitoring a voltage applied to at 
least the two conductor 

3823. The method of claim 3812, further comprising monitoring a temperature in the 
conduit with at least/one thermocouple. 
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3824. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3825. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



10 



4 s 15 



3826. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3827. The method of claim 3812, furthe 




the opening, wherein the overburden^' 
formation, and wherein a packing material \p disp< 
casing and the opening. 



sing coupling an overburden casing to 
's disposed in an overburden of the 

sed at a junction of the overburden 



3828. The method of claim/38 1 2, further comprising coupling an overburden casing to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the dWhodju^ inhibiting a flow of fluid between 

the opening and the overburden casing with ^[paciang material. 

3829. The method of claim 38 12/ further cqmprising maintaining a sufficient pressure 
25 between the conduit and the formation to substantially inhibit deformation of the conduit. 

3830. The method of claim 3^12, further comprising providing a thermally conductive 
fluid within the conduit. 



30 3831. The method of claim 3812, further comprising providing a thermally conductive 
fluid within the conduit, wherein the thermally conductive fluid comprises helium. 
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4045. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

4046. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



O 
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4047. The system of claim 4027, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is^iisposed in an overburden of the 

formation, and wherein a packing material is/disposed\at a junction of the overburden 

casing and the opening. / 

/ 

/ J 

4048. The system of claim 4027,/furthey comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is dispo/ed in an overburden of the 



20 



formation, wherein a packi] 



g /material yis disposed at a junction of the overburden casing 



and the opening, and wherein the packing material comprises cement. 




4049. The system of claftn 4027, ftirther comprising an overburden casing coupled to 
the opening, wherein the/overburden in an overburden of the 

formation, wherein a packing maferial is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between ihe opening jind the overburden casing during use. 



25 4050. The system of claim f 027, wherein the heated section of the formation is 
substantially pyrolyzed. 



30 



405 1 . An in situ method for heating a coal formation, comprising: 

applying an electmcal current to at least one elongated member to provide heat to 
at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening in the formation; 
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providing an oxidizing fluid to at least the one elongated member to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member; and 

allowing heat to transfer from at least the one elongated member to a section of 
the formation. 

5 

4052. The method of claim 405 1 , wherein at least/the one elongated member comprises 
a metal strip. 

4053. The method of claim 405 1 , wherein at feast the one elongated member comprises 
10 a metal rod. 




4054. The method of claim 4051, wherein at least the one elongated member comprises 



stainless steel. 



/ 



/ 



7 



15 4055. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a center suppor/memberl 



4056. The, method of ajaim 405 1 , further comprising supporting at least the one 
elongated member on Renter support member, wherein the center support member 

20 comprises a tube. 

4057. The method of claim 4(/5 1, further comprising electrically isolating at least the 
one elongated member with a/centralizer. 

25 4058. The method of claim 405 1, further comprising laterally spacing at least the one 
elongated member with a centralizes 

4059. The method of c/aim 405 1, further comprising electrically coupling at least the 
one elongated member An a series configuration. 



30 
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4060. The method of claim 405 1 , further comprising electrically coupling at least the 
one elongated member in a parallel configuration./ 

/ 

4061 . The method of claim 405 1 , wherein the provided heat comprises approximately 

5 650 W/m to approximately 1650 W/m. / 

/ 
/ 
/ 

4062. The method of claim 405 1 , further comprising determining a temperature 
distribution in at least the one elongatedmember using an electromagnetic signal 
provided to at least the one elongated member, 

10 ^ ; j 

4063 . The method of claim 4()5 1 , further comprising monitoring the applied electrical 
current. , , ^ 

/ , 

4064. The method of clajn 405 1 , further comprising monitoring a voltage applied to at 
15 least the one elongated member. 

4065. The method of^laim 405 l,^furthir comprising monitoring a temperature in at 
least the one elongated/meri^^ one thermocouple. 



20 4066. The method of claim 405/1 , fumher comprising supporting at least the one 
elongated member on a center s^uppoi^ member, wherein the center support member 
comprises openings, wherein providing the oxidizing fluid to at least the one elongated 
member comprises flowing the oxidizing fluid through the openings in the center support 
member. 



4067. The method of claim' 405 1 , wherein providing the oxidizing fluid to at least the 
one elongated member comprises flowing the oxidizing fluid through orifices in a tube 
disposed in the opening proximate to at least the one elongated member. 
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4068. The method of claim 405 1 ? further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherem the lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 



5 4069. The method of claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor. 



10 



4070. The method of claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor, 
wherein the cold pin transition conductqjvcqmpmps a substantially low resistance 
insulated conductor. 



m 



15 



4071. The method of>cl 
the opening, wherein th|e 
formation. 



laim 405 1 , further comprising coupling an overburden casing to 
overburden casing is disposed in an overburden of the 



/ 



4072. The method ofxlaim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 



20 4073 . The method /of claim 40J1 , further^comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 



4074. The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein a packjng material is disposed at a junction of the overburden 
25 casing and the opening. 



30 



4075. The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening, And wherein the method further comprises inhibiting a flow of 
fluid between the opening and the overburden casing with the packing material. 
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4076. The method of claim 405 1 , further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

4077. An in situ method for heating a coal formatio^, comprising: 
oxidizing a fuel fluid in a heater; 

providing at least a portion of the oxidized/fuel fluid into a conduit disposed in an 
opening of the formation; 

allowing heat to transfer from the o^kfiiedl^el fluid to a section of the formation; 

and 



allowing additional heat ^transfer frpm an e. 



ectric heater disposed in the opening 



to the section of the formation, wherein heai is allowed to transfer substantially uniformly 

along a length of the opening/ 

/ 

4078. The method of claim 4077, wherein providing at least the portion of the oxidized 
15 fuel fluid into the openirig comprises flpwing thp oxidized fuel fluid through a perforated 
conduit disposed in the/opening. 



20 



4079. The method of cTaimT4 077, wheie h^sfco^iding at least the portion of the oxidized 
fuel fluid into the opening comprises flowir/g the oxidized fuel fluid through a perforated 
conduit disposed in the opening, ^he method further comprising removing an exhaust 
fluid through the opening. 



25 



4080. The method of claim 4,077, further comprising initiating oxidation of the fuel fluid 
in the heater with a flame. 

4081 . The method of claipi 4077, further comprising removing the oxidized fuel fluid 
through the conduit. 



4082. The method of claim 4077, further comprising removing the oxidized fuel fluid 
30 through the conduit ana providing the removed oxidized fuel fluid to at least one 
additional heater disposed in the formation. 
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4083. The method of claim 4077, wherein the conduit comprises an insulator disposed 
on a surface of the conduit, the method further comprising tapering a thickness of the 
insulator such that heat is allowed to transfer substantially uniformly along a length of the 
conduit. 



4084. The method of claim 4077, wherein the 




heater is an insulated conductor. 



4085. The method of claim 4077, wherein the electric heater is a conductor disposed in 
10 the conduit. 



O 
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W 
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4086. The method of claimy4077, wherein th^r electric heater is an elongated conductive 
member. 



1 5 4087. A system configured to h/at a coal formation, comprising: 



25 



one or more heat sources disposed within one or more open wellbores in the 
formation, wherein the one of more hpt sources are configured to provide heat to at least 
a portion of the formation during us^; and 

wherein the systerh is configured to allow heat to transfer from the one or more 
20 heat sources to a selected sectionyof the formation during use. 



4088. The systemyof claim 4087, wherein the one or more heat sources comprise at least 
two heat sources Jand wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



4089. The sjystem of claim 4087, wherein the one or more heat sources comprise 
electrical heaters. 



4090. /fhe system of claim 4087, wherein the one or more heat sources comprise surface 
30 burners. 



796 



Conley, Rose & Tayon, P.C. 



• 



4091 . The system of claim 4087, wherein the pne or more heat sources comprise 
flameless distributed combustors. 

5 4092. The system of claim 4087, wherein/the one or more heat sources comprise natural 
distributed combustors. 



10 



4093. The system of claim 4087 ?y ^i^ip the one or more open wellbores comprise a 



diameter of at least approximately 5 cm. 



4094. The system of c 
least one of the one or 
an overburden of the formation 



aim 4087, further domprising an overburden casing coupled to at 
more open \^llbore|s, wherein the overburden casing is disposed in 



15 4095. The system of claim 40871 furthdr comprising an overburden casing coupled to at 
least one of the one lq more open wellblres, wherein the overburden casing is disposed in 
an overburden of th^ jFormatioH^ the overburden casing comprises steel. 

4096. The system of claim 4087, further comprising an overburden casing coupled to at 
20 least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein the overburden casing is further disposed in 
cement. 



25 



4097. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or mori open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein a packing material is disposed at a junction 
of the overburden casing and the at least one of the one or more open wellbores. 



4098. The system of claim 4087, further comprising an overburden casing coupled to at 
30 least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
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the overburden casing and the at least one of the one or more open wellbores, and 
wherein the packing material is configured to substantially inhibit a flow of fluid between 
at least one of the one or more open wellbores and the overburden casing during use. 

/ 

4099. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
the overburden casing and the at least one of the one or more open wellbores, and 
wherein the packing material comprises ^effib^t. 

4100. The system of claim 4087,/^hereiri the/system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 

section. / / 

f / 

/ 

15 4101. The system of claim 4087, further comprising a valve coupled to at least one of 
the one or more heat sources configured t(J control pressure within at least a majority of 
the selected section of the formation. 

/ 

4102. The system oiMairn 408 /, turtMer"cbmprising a valve coupled to a production 
20 well configured to cdmrol a pressure within at least a majority of the selected section of 

the formation. 

4103. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least one portion of the 

25 formation, wherein the one or more heat sources are disposed within one or more open 
wellbores in the formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation: and 



producing a mixture from the formation. 
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4104. The method of claim 4103, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons y within the selected section of the 
formation. 



10 



4105. The method of claim 4103, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range with a lower pyrolysis temperaturjfe of about 250 °C and an upper pyrolysis 
temperature of about 400 °C. 

4106. The method of claim 4103, ^her^in the one or more heat sources comprise 
electrical heaters. 



4107. The method ; qf claim 410^, wherein the one or more heat sources comprise 
15 surface burners. 



4108. The method' of claim 4pL 03 /wherein the one or more heat sources comprise 
flameless distribute d couibus 



20 4109. Themetl 
distributed com 



I 



d of clairpt 41p3, wherein the one or more heat sources comprise natural 
iustors. 



25 



41 10. The method of claim 41 03, wherein the one or more heat sources are suspended 
within the one or more open wellbores. 

4111. The method of/claim 4103, wherein a tube is disposed in at least one of the one or 
more open wellbores proximate to heat source, the method further comprising flowing a 
substantially constant amount a fluid into at least one of the one or more open wellbores 
through critical flow orifices in the tube. 



30 
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4112. The method of claim 4103, wherein a perforated tube is disposed in at least one of 
the one or more open wellbores proximate to the heat source, the method further 
comprising flowing a corrosion inhibiting fluid into ay least one of the open wellbores 
through the perforated tube. 

41 13. The method of claim 4103, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation. 



10 41 14. The method of claim 4103, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overburden casing is disposed 

in an overburden of the formation, and wherjein the overburden casing comprise steel. 

7 / 



ation 

V i < 




4115. The method of claim^H03 5 further, comprising coupling an overburden casing to 

15 at least one of the one or more open wellbores( wherein the overburden casing is disposed 

' // / f 

in an overburden of the formation, and wherein the overburden casing is further disposed 
in cement. 

4116. The method of claim 41 03, further jbomprising coupling an overburden casing to 
20 at least one of the one or /more open wellbores, wherein the overburden casing is disposed 

in an overburden of the (formation, and wherein a packing material is disposed at a 
junction of the overburden casing *md the at least one of the one or more open wellbores. 

4117. The method of claim 410$, further comprising coupling an overburden casing to 
25 at least one of the one or more open wellbores, wherein the overburden casing is disposed 

in an overburden of the formation, and wherein the method further comprises inhibiting a 
flow of fluid between the at least one of the one or more open wellbores and the 
overburden casing with a packing material. 

30 4118. The method of claim 4103, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 
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4119. The method of claim 4103, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



4120. The method of claim 4103, further comprising controlling a pressure with the 
wellbore. 




10 4121. The method of claim 4103, further comprising controlling a pressure within at 
least a majority of the selected section of the formation with a valve coupled to at least 
one of the one or more heat sources 



4122. The method/of claim 4Y03, further comprising controlling a pressure within at 
15 least a majority of the selected section of the formation with a valve coupled to a 



20 



production well located in 



formation. 

/ 



4123. The method of claim 4103, further comprising controlling the heat such that an 
average heating rate of tip selected section is less than about 1 °C per day during 
pyrolysis. 



41 24. The method off claim 41 03, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises : 

heating a selected volume (V) of the coal formation from the one or more heat 
25 sources, wherein the formation has an average heat capacify(C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = H*V*C v *p B 
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wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



5 4125. The method of claim 4103, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. 

4126. The method of claim 4403, wherein providing heat from the one or more heat 
10 sources comprises heating^he selected section such that a thermal conductivity of at least 
a portion of the selected/section is greater than about 0.5 W/(m °C). 



15 



4127. The method^of c laim 4103, wherein^the produced mixture comprises condensable 
hydrocarbons having an API gravity cjf at lpast about 25°. 



4128. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, arid whereirTfc^ % l^y weight to about 15 % by weight of the 
condensable hydrocarbons are olefins: 



/ 

20 4129. The method of claim 4 1 03 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and/wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



4130. The method of claim |ll03, wherein the produced mixture comprises non- 
25 condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



4131. The method of cl^m 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
30 basis, of the condensable hydrocarbons is nitrogen. 
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4132. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on ah atomic 
basis, of the condensable hydrocarbons is oxygen. 



4133. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to abput 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



10 
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4134. The method of claim 4103, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than abouf by weight, when calculated on an atomic 

/. / 1 

basis, of the condensable hydrocarbons is sulfur. 

/ .// 

4135. The method of claim 4103, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

\ / / i 

hydrocarbons are aromatic compounds. 



4136. The method of clai: 
hydrocarbons, and where 



/ 



20 hydrocarbons comprises 



4137. The method of cl 



nulti-ring aromatic s with more than two rings. 



4103, wherein the produced mixture comprises condensable 
^an about 5 % by weight of the condensable 



1 urn 4103,^wher^in the produced mixture comprises condensable 
hydrocarbons, and wherein less th^n about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4138. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 4139. The method of claim 4103, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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and wherein the hydrogen is greater than about 10 Jo by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. j 

i 

I 

5 4140. The method of claim 4103, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 

4141. The method of claim 4103, wherein the produced mixture comprises ammonia, 

/ 

and wherein the ammonia is used to produce fertilizer. 



10 



/ 



4 1 42. The method of claim 4103, further 



omprising controlling a pressure within at 



least a majority of the selected section of tWe formation. 

4143. The method oficlaim 4103, further/comprising controlling a pressure within at 
15 least a majority of the/selected section of /he formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



4 1 44. The methodwof claim ^103, furttter comprising controlling formation conditions 
such that the prodiyced mixture comprises a partial pressure of H2 within the mixture 
20 greater than about 0.5 bar. 



4145. The method of claim 4144, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 



25 4146. The method of claim 4103, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



4147. The method of claim 4103, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater man about 25 . 
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4148. The method of claim 4103, further comprisingr 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 



4149. The method of claim 4103, wherein the^oduced^nixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons ,with at least a portion of the produced hydrogen. 



10 4150. The method of claim 4 1 03, wherein allowing the neat to transfer comprises 

increasing a permeability of ^/majority of the selected se/tion to greater than about 100 
millidarcy. 1 / 

// 



m 4151. The method of claim 4103, wherein allowing me heat to transfer comprises 

7: 15 substantially uniforml5rmcr5asinga permeabilityof/ffTiKgority of the selected section. 



4152. The method o j claim 4103, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



20 4153. The method of claim 4103, wherein producing the mixture comprises producing 
the mixture in a production well, and ^wherein at least about 7 heat sources are disposed in 
the formation for the production well. 



4154. The method of claim 4103/ further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

/ 

sources comprises a triangular pattern. 



4155. The method of claim/4103, further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

41 56. The method of claim 4103, further comprising separating the produced mixture 
5 into a gas stream and a liquid stream. 



10 



4157. The method of claim 4103, further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 

4158. The method of claim 4103 5 ^wh^ein the produced mixture comprises H 2 S, the 

^ratii 



method further comprising se^atin; 
hydrocarbons. 



portion of the H2S from non-condensable 



15 41 59. The method offelaim 410& v^herein the produced mixture comprises CO2, the 
method further comprising separating a portion of the CO2 from non-condensable 
hydrocarbons. 



4160. The methcp of claim41Q3, wherein the mixture is produced from a production 
20 well, wherein the neating $ controlled such that the mixture can be produced from the 
formation as a vapor. 



25 



4161. The method of claim 4103, wherein the mixture is produced from a production 
well, the method furtMer comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 



30 



4162. The method of claim 4103, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the format/on adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, wherein the mixture comprises a large 
non-condensfible hydrocarbon gas component and H2. 
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4163. The method of claim 4103, wherein the selected section is heated to a minimum 
pyrolysis temperature of about 270 

5 4 1 64. The method of claim 4 1 03 JTurther comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. 

4165. The method ofclaim J103, Wther comprising controlling pressure within the 
10 formation in a range^from about amiospheric pressure to about 100 bar, as measured at a 

wellhead of a production well, to Control an amount of condensable hydrocarbons within 

/ / I I 

l / / I 

the produced mixture, wherein tl/ie pressure is reduced to increase production of 
condensable hydrocarbons, and/ wherein the pressure is increased to increase production 
of non-condensable hydrocarbons. 



15 



20 



25 



4 1 66. The method^ofklaiiW 4 1 03 , further comprising controlling pressure within the 
formation in a range froi^bQutatmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an API gravity of condensable hydrocarbons 
withip the produced mixture, wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the API gravity. 

4167. A mixture produced from a portion of a coal formation, the mixture comprising: 
an olefin content of less than about 1 0% by weight; and 

an average carbon number less than about 35. 

4168. The ipixture ofclaim 4167, further comprising an average carbon number less 
than about 3jC 



4169. The mixture ofclaim 4167, further comprising an average carbon number less 
30 than about 25. 



41 70. Tjjhe mixture of claim 4167, further comprising: 
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non-condensable hydrocarbons comprising l^drocarbons having carbon numbers 
of less than 5; and 

wherein a ; weight ratio of the hydrocarbon^ having carbon numbers from 2 
through 4, to methane, in the mixture is greater tnan approximately 1. 
5 / 

4171. The mixture of claim 4 1 67, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, whefa calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogeiy^Srbin less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen, and wherein 

10 less than about 1 % by weigfy,/vhen ca/culatpd on an atomic basis, of the condensable 
hydrocarbons is sulfur. 

4 1 72. The mixture of claim 4 1 67, further comprising ammonia, wherein greater than 
about 0.05 % by weigh/ of the produced mixture is ammonia. 



25 



4173. The mixture^f claim 4 1 pi, fuyiher comprising condensable hydrocarbons, 
wherein an olefin'c^ condensable hydrocarbons is greater than about 0.1 % by 

ond 



weight of the compensable hy/lroc^bon§^and wherein the olefin content of the 
condensable h 
20 hydrocarbons. 



condensable hydrocarbons ip less than about 15 % by weight of the condensable 



4 1 74. The mixture of claim 4 1 67, further comprising condensable hydrocarbons, 
wherein less than aboiu 15 % by weight of the condensable hydrocarbons have a carbon 
number greater than afcout 25. 



4175. The mixture of claim 4174, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen, wherein less 
than about 1 % by weight, when calculated on an atomic basis, of the condensable 
hydrocarbons is oxygen, and wherein less than about 1 % by weight, when calculated on 
30 an atomic basis,x>f the condensable hydrocarbons is sulfur. 
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4 1 76. The mixture of claim 4173, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by weight of tlie condensable hydrocarbons are aromatic 
compounds. / 

5 4177. The mixture of claim 4167, further comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane^^the-^mxture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H2, wherein greater 
10 than about 15 % by weight of the non-cfondensable hydrocarbons comprises H 2 ; and 
condensable hydrocarbons, comprising: 

oxygenated hydrocarbons, wherein greater than about 1 .5 % by weight of 

/ f I 
the condensable hydrocarbonp comprises oxygenated hydrocarbons; and 

romatic compounds wherein greater than about 20 % by weight of the 

15 condensable hydrocarbons comprises aromatic compounds. 



4178. The/mixture oJ^&lmm 4 1 67, further comprising: 

condensable hydrocaxBtms,, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 

20 about 25; / 

/ 

wherein the^condensable hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 30 % by weight of the 
25 condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H2, wherein greater than about 15 % 
by weight of the non-condensable hydrocarbons comprises H2. 



4179. TMe mixture of claim 4167, further comprising a condensable mixture, 
30 compris/ng: 
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olefins, wherein about 0.1 % by weight to about 15 % by weight of the 
condensable mixture comprises olefins; and 

asphaltenes, wherein less than about 0. 1 % by weight of the condensable mixture 

comprises asphaltenes. / 

/ 

/ 

41 80. The mixture of claim 4179, further comprising, oxygenated hydrocarbons, 
wherein less than about 1 5 % by weight of the condensable mixture comprises 
oxygenated hydrocarbons; / 



10 4181. The mixture of claim 4 1 67,^further comprising a condensable mixture, 
comprising: / j 

olefins, wherein about 0.1 % by weight Jo about 2 % by weight of the 
condensable mixture comprises olefins; and 

./ 

multi-ring aromatics, wherein less than/ about 2 % by weight of the condensable 
15 mixture comprises multi/ring aromatics with more than two rings. 



4182. The mixture oy claim 418^6, further comprising oxygenated hydrocarbons, wherein 
greater than about 25 /S^y^eight of the condensable mixture comprises oxygenated 



20 



hydrocarbons. 

4183. The mixture of claim^l67, furthef" comprising: 

non-condensable hydrocarbons, wherein the non-condensable hydrocarbons 

comprise H2, wherein greater than about 10 % by weight of the non-condensable 

/ 

hydrocarbons comprises Hi; 
25 ammonia, wherein/ greater than about 0.5 % by weight of the mixture comprises 

ammonia; and j 

hydrocarbons, wherein a weight ratio of hydrocarbons having greater than about 2 
carbon atoms, to methane, is greater than about 0.4. 

30 41 84. A mixture produced from a portion of a coal formation, the mixture, comprising: 
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non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and 

wherein a weight ratio of the hydrocarbons having carbon numbers from 2 
through 4, to methane, in the mixture is greater than approximately 1 . 



4185. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein about 0. 1 % by weight to about 1 5 % by weight of the condensable hydrocarbons 
are olefins. 



10 41 86. The mixture of claim 41 84, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from apout 0.001 to about 0.15. 



41 87. The mixture cm claim 41 ^4, furtmer comprising condensable hydrocarbons, 
S wherein less than about 1 % by weight/ when calculated on an atomic basis, of the 



1 5 condensable hydrocarbons is nitrogeiu 



ifi 4188. The mixture /of-daim .41 84, further comprising condensable hydrocarbons, 

J* wherein less than about 1 % foyVeight, when calculated on an atomic basis, of the 

™f condensable hydrocarbons is oxygen. 

ru 20 

5 41 89. The mixture of claib 41/54, further comprising condensable hydrocarbons, 

H wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 

comprise oxygen containing compounds, and wherein the oxygen containing compounds 

comprise phenols. / 



41 90. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 
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4191. The mixture of claim 4 1 84, further comprising^condensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



4192. The mixture of claim 4184, further comp/ising condensable hydrocarbons, 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



4193. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
10 wherein less than about 0.3 % bv^eight of the condensable hydrocarbons are 

asphaltenes. / \ / 

4194. The mixture of claim 41 84, former comprising condensable hydrocarbons, 
wherein about 5 % by ^eight to about ^0 % by weight of the condensable hydrocarbons 

15 comprise cycloalkanes 



4195. The mixture oTclaiiii 4184^-vv4e^ein the non-condensable hydrocarbons further 
comprises hydrogen, Wherein the hydrogen is greater than about 10 % by volume of the 



non-condensable hydrocarbons, jLd jtherein the hydrogen is less than about 80 % by 
20 volume of the non-cdndensableyhydiocarbons. 

4196. The mixture of claim 41 84, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

25 4197. The mixture of claim 41 84, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer. / 

4198. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein less than about A 5 weight % of the condensable hydrocarbons have a carbon 
30 number greater than approximately 25. 
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4199. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise olefins, and wherein about 0.1 % to 
about 5 % by weight of the condensable hydrocarbons comprises olefins. 

4200. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprises olefins, and wherein about 0.1 % to 
about 2.5 % by weight of the condensable/hydrocarbons comprises olefins. 



4201 . The mixture of claim 41 84^fufFher comprising condensable hydrocarbons, 
wherein the condensable hydrocarbor/s comprise oxygenated hydrocarbons, and wherein 
greater than about 5 % by weight of/the condensable hydrocarbons comprises oxygenated 
hydrocarbons. 

4202. The mixture (£f claim 4184, further/comprising non-condensable hydrocarbons, 
wherein the non-cofidensable hydrocarbons comprise H 2 , and wherein greater than about 
5 % by weight of me non-condensable hydrocarbons comprises H 2 . 



4203. The mixtyre of claim 4 1 84, further comprising non-condensable hydrocarbons, 

i I 

wherein the nonicondensable hydrocarbons comprise H 2 , and wherein greater than about 

~f-f 

4204. The mixture of claim 41 84, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3 . 



4205. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5, vynerein a weight ratio of hydrocarbons having carbon numbers from 2 

through 4, to methane, is greater than approximately 1 ; and 

condehsable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 

than about j% by weight of the condensable component comprises oxygenated 

hydrocarbons. 
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4206. The mixture of claim 4205, wherein about 0. 1 % by weight to about 1 5 % by 

weight of the condensable hydrocarbons are olefins. / 

/ 

/ 

/ 

5 4207. The mixture of claim 4205, wherein a molar ratio of ethene to ethane in the non 
condensable hydrocarbons ranges from about 0.001 to/about 0.15. 



10 



4208. The mixture of claim 4205, wherein less than about 1 % by weight, when 

calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 

/ 

4209. The mixture of claim 4205, wherein less than about 1 % by weight, when 

/ I \ 

calculated on an atomic basis, of the condensable hydrocarbons is oxygen, 

/ ' 

4210. The mixture of claim 4205, wherein less thah about 1 % by weight, when 



/ 

15 calculated on an atomic basis/ of the condensable h 



drocarbons is sulfur. 



20 



421 1 . The mixture of claiiri 4205, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containi^compoiffldsxemprise phenols. 

7 ' I 

42 12. The mixture of claim 4205, wherein gr/ater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4213. The mixture of claim 420'5, wherein less than about 5 % by weight of the 

25 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4214. The mixture of claim^205, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 



30 421 5. The mixture of claim 4205, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 
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4216. The mixture of claim 4205, wherein the rion-condensable hydrocarbons comprises 
hydrogen, wherein the hydrogen is greater thart about 10 % by volume of the non- 
condensable hydrocarbons, and wherein the Hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 



4217. The mixture of claim 4205, wheifein the produced mixture comprises ammonia, 
and wherein greater than about O.OS^yby weight of the produced mixture is ammonia. 

42 1 8. The mixture of claim^OS, wherein the p roduced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



4219. The mixture of claim 4205, wherein less than about 5 weight % of the 
condensable hydrocarbons in tl/e mixture have a carbon number greater than 
approximately 25'. 

/ 

4220. The mixture of claini 4205, wherein the condensable hydrocarbons further 

f / / 

comprise olefinsrai^^erfein about 0.1 °/fo to about 5 % by weight of the condensable 

hydrocarbons/comprises defins. 



4221 . The mixture of claim 4205, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about p. 1 % to about 2.5 % by weight of the condensable 
hydrocarbons comprises olefins. 

4222. The mixture j>f claim 4205, wherein the non-condensable hydrocarbons further 
comprise H 2 , whereifii greater than about 5 % by weight of the mixture comprises H 2 . 



4223. The mixture of claim 4205, wherein the non-condensable hydrocarbons further 
comprise H 2 , whetein greater than about 15 % by weight of the mixture comprises H 2 . 
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4224. The mixture of claim 4205, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 



4225. A mixture produced from a portion of a coal formation, the mixture comprising: 
5 non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; 
condensable hydrocarbons; j 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

10 condensable hydrocarbons comprises nitrogen; 

wherein less than about 1 Yoby weight, when calculated on an atomic basis, of the 

condensable hydrocarbons comprises oxygen! and 

wherein less than about 1 % by^weigljt, when calculated on an atomic basis, of the 

condensable hydrocarbons comprises sulfur J 
\ 

15 w 



25 



4226. The mixture of claim 4225, further comprising ammonia, wherein greater than 

/ / 

about 0.05 % by weight of the produced mixture is ammonia. 



4227. The mixture .off clmrrr422^( wherein less than about 5 weight % of the 
20 condensable hydrocarbons have a 1 cKrWinumber greater than approximately 25. 



4228. The mixturp of claim 4225, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0. 1 /% by Weight to about 1 5 % by weight of the condensable 



hydrocarbons are olefins. 



4229. The mixture of claim 4225, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons /anges from about 0.001 to about 0.15. 



4230. The mixture of claim 4225, wherein about 5 % by weight to about 30 % by 
30 weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 
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423 1 . The mixture of claim 4225, wherein greater ;than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

5 4232. The mixture of claim 4225, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4233. The mixture of claim 4225, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphalter 

10 




4234. The mixture of clainp^^S, wherein about 5 % by weight to about 30 % by 

*■ / 

weight of the condensable hydrocarbons are cycloalkanes. 



4235. The mixture of claim 4225, wherein ihe non-condensable hydrocarbons comprises 

15 hydrogen, and wmerein the hydrogen is greater than about 10 % by volume of the non- 

/ * I 

condensable hydrocarbons and wherein tlje hydrogen is less than about 80 % by volume 

of the non-condensable hydrocarbons. 

' / * 
/ > 

' / 

; / i i 

4236. The rhh^ureof claim 4225, further comprising ammonia, and wherein greater 

20 than about 01)5 % by wdigKrof^he^groduced mixture is ammonia. 

/ 

4237. The/mixture of claim 4223, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 



25 4238. The mixture of claim 4225, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 



4239. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprise 
30 H 2 , and whefrein greater than about 5 % by weight of the non-condensable hydrocarbons 
comprisesyH2. 
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4240. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprise 
H 2 , and wherein greater than about 15 % by weigh/of the mixture comprises H 2 . 

5 4241 . The mixture of claim 4225, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is grea/er, than about 0.3. 



4242. A mixture produced from a portion ©f a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
10 of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 

through 4, to methane, is greater than approxiirately 1 ; 

ammonia, wherein greater than/about O.p % by weight of the mixture comprises 

ammonia; and 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
15 than about 5 % by weight of the condensable/hydrocarbons comprises oxygenated 
hydrocarbons. 



4243. The mixture of clrnitr4242 i wherejti the condensable hydrocarbons further 
comprise olefins^and wherein about 0 
20 condensable hydrocarbons are/olefins. 



25 



comprise olefins/ And wherein s(bout 0.1^0 by weight to about 15 % by weight of the 



4244. The mixture of claiiy 4242, wMerein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



4245. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise nitrogen, and ^wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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4246. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 °/J by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is/oxygen. 

4247. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about A % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbo/is is sulfur. 



4248. The mixture of claim 4242, whereih the condensable hydrocarbons further 
comprise oxygen containing compounds,/wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing c9mpoipi(feyComprise phenols. 

4249. The mixture of claim 4242, wherein the condensable hydrocarbons further 



comprise aromatic compounds, and wherein 



greater than about 20 % by weight of the 



condensable hydrocarbons are aromatic compounds 



4250. The mixture m claim 42421 wherein the condensable hydrocarbons further 
comprise multi-aronktic rings, and wherein /less than about 5 % by weight of the 
condensable hydrocarbons comms^multi^ring aromatics with more than two rings. 

425 1 . The mixturef of claim 4242, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wh/rein less thin about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes/ 



4252. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4253. The mixture of clfaim 4242, wherein the non-condensable hydrocarbons further 
comprise hydrogen, wherein the hydrogen is greater than about 10 % by volume of the 
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non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. / 

/ 

4254. The mixture of claim 4242, wherein the produced mixture further comprises 
ammonia, and wherein greater than about 0.05 % by weight of the produced mixture is 
ammonia. 



4255. The mixture of claim 4242, wherein the produced mixture further comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 



4256. The mixture of claim 4242, whereWthe condensable hydrocarbons comprise 
hydrocarbons having a carbon number of greater than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbods in the mixture have a carbon number greater 
than approximately 25. 



4257. The mixture of claim 4242, wherein the 



iar/i 



ion-condensable hydrocarbons further 



comprise H 2 , and wherein greater thaiy about 5 % by weight of the mixture comprises H 2 




4258. The mixture of claim 4242r$*erdn thi 

// / 
comprise H 2 , and wherejn greater than about 1 

H 2 . 



non-condensable hydrocarbons further 
5 % by weight of the mixture comprises 



4259. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of greater than 2, wherein a weight ratio 
of hydrocarbons having carbon/numbers greater than 2, to methane, is greater than about 
0.3. 



4260. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
30 of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; and 
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condensable hydrocarbons comprising olefins, wherein less than about 10 % by 
weight of the condensable hydrocarbons comprises olefin's. 



4261 . The mixture of claim 4260, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.00 y to about 0.15. 



10 



4262. The mixture of claim 4260, wherein the cpndensable hydrocarbons further 
comprise nitrogen, and wherein less than about A % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons' is nitrogen. 



15 



20 



4263. The mixture of claim 4260, wherein jfhe condensable hydrocarbons further 
comprise oxygen, and wherein less than abyout 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4264. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than/about 1 % by weight, when calculated on an 
atomic basis, of the conder safole hydrocarbons is sulfur. 



4265. The mixture of clym 4260, /vherein uie condensable hydrocarbons further 
comprise oxygen containhtg^ngpmds wnerein about 5 % by weight to about 30 % by 
weight of the condensate hydrc^rbon^c^ipnse oxygen containing compounds, and 
wherein the oxygen containing cj&mpounds comprise phenols. 



25 4266. The mixture of claim 4£60, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

/ 

4267. The mixture of clzdm 4260, wherein the condensable hydrocarbons further 
30 comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4268. The mixture of claim 4260, wherein the ccjndensable hydrocarbons further 
comprise asphaltenes, and wh< 
hydrocarbons are asphaltenes. 



comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 



4269. The mixture of claim 4260, wherein/the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about/5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloa^eiines. 



10 4270. The mixture of claim^t260 5 wherein the non-condensable hydrocarbons further 
comprise hydrogen, and wnerein the hydrogen is greater than about 10 % by volume of 

/ / T 

the non-condensable hydrocarbons yid wherein tpe hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 



1 5 427 1 . The mixture of claim 4260, wherein tht produced mixture further comprises 
ammonia, and wherein greater tljan about O.Op % by weight of the produced mixture is 
ammonia. 



4272. The mixjture of claim ^260, wherfem^he produced mixture further comprises 
20 ammonia, and^ wherein the ammonia is us/d to produce fertilizer. 



4273. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carboiwnumber of greater than approximately 25, and 
wherein less than about 1 J % by weighjf of the hydrocarbons have a carbon number 
25 greater than approximately 25 . 



4274. The mixture of claim 4260, wherein about 0.1 % to about 5 % by weight of the 
condensable component comprises olefins. 

30 4275 . The mixture ofl claim 4260, wherein about 0. 1 % to about 2 % by weight of the 
condensable component comprises olefins. 
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4276. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



4277. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wl/erein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 



10 



4278. The mixture of claim 4260jwhereinttie non-condensable hydrocarbons further 
comprise H2, and wherein greater thanjlbout 



hydrocarbons comprises H2. 



/ 



% by weight of the non-condensable 



15 



20 



25 



4279. The mixture ofclaim 4260, ^vherein the non-condensable hydrocarbons further 
comprise Kb, and wherein greater than about 15 % by weight of the non-condensable 
hydrocarbons comprises H2. / J 




4280. The mixtureof daiiir^SfcO^^adigrep a weight ratio of hydrocarbons having greater 

j. I j 

than about 2 carbpn atoms, to methane, is greater than about 0.3. 



428 1 . A mixtiujb produced fi^>m a por||bn of a coal formation, comprising: 

condensable hydrocarbons, wherein less than about 15 weight % of the 
condensable hydrocarbons have a carbon number greater than 25; and 

. wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and 
wherein greater than about/5 % by weight of the condensable hydrocarbons comprises 
oxygenated hydrocarbons/ 



30 



4282. The mixture of claim 428 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 51 and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 
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4283. The mixture of claim 4281 , wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4284. The mixture of claim 428 1 , further comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

4285. The mixture of claim 4281, where/n the condensable hydrocarbons further 
comprise nitrogen, and wherein les^fllaria^out 1 % by weight, when calculated on an 
atomic basis, of the condensable Hydrocarbons is nitrogen. 



4286. The mixture of claiJ^/4281, x^ierein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



4287. The mixture of clfainf 428L wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less tharTaBotrt 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 



4288. The mixture <fff claim 428 1 , wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



4289. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 
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4290. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less/than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings 



4291. The mixture of claim 4281, wherein/the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



4292. The mixture of claim 4281, wherein the condensable hydrocarbons further 
10 comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cyclokH 



les. 



a 



15 



4293. The mixture of claim' 4281/ furthei 



comprising non-condensable hydrocarbons, 



wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 
hydrogen is greater than about 10 % by volume of the non-condensable hydrocarbons and 
wherein the hydrogen is less thaid about 8(J ° A 



% by volume of the non-condensable 



hydrocarbons. 



=p 4294. The mixture of^kinx.4281 , further comprising ammonia, and wherein greater 

fU I I — 

jf 20 than about 0.05 %|by weight of the produced mixture is ammonia. 



4295. The mixture of claim 428 1 , further comprising ammonia, and wherein the 



7 



ammonia is used^to produce fertilize: 



25 



4296. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprises olefins, and wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises Olefins. 



4297. The mixture of cflaim 428 1 , wherein the condensable hydrocarbons further 
30 comprises olefins, and /vherein about 0. 1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 
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4298. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprises olefmsVand wherein about 0.1 % to atjbut 2 % by weight of the condensable 
hydrocarbons comprises olefins. 

4299. The mixture of claim 4281 , wherein the condensable hydrocarbons further 
comprises oxygenated hydrocarbons, and wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises the oxygenated hydrocarbon. 



Z E 



10 4300. The mixture of claim 428 1 , further comprising non-condensable hydrocarbons, 



15 



wherein the non-condensable hydroc 




prise H 2 , wherein greater than about 5 % 



by weight of the non-condensable hydrocarbon; comprises H2 



430 1 . The mixture of claim428 1 , farther comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 15 
% by weight of the non-cjohdensablje hydrocarbons comprises H2. 



20 



25 



4302. The mixture of alaim 428 y, wherein/a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms^Jomqthane, is greater than about 0.3. 

• I fc H 

4303. A mixture produced from a portion of a coal formation, comprising: 

condensable hydrocarbons, wherein less than about 15 % by weight of the 
condensable hydrocai ibons have a carbon number greater than about 25 ; 

wherein less man about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is nitrogen; 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is oxygen; and 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic t/asis, is sulfur. 
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4304. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensable component comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 



4305. The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



10 4306. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethepe^t^fehiane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 

7 / 

4307. The mixture ^f claim 4303,/wherein the condensable hydrocarbons further 
15 comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensa/le hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



4308. The mixture mlfclaim 4303, wherein the condensable hydrocarbons further 



20 comprise aromatic compounds, andwKerein greater than about 20 % by weight of the 

/ / 

condensable hydrocarbons are aromatic compounds. 



ocarbons ar 

' ,/ 

re of claim 



43 09 . The mixture of claim 43 03 - 9 wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 

25 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

43 10. The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are aspl/altenes. 

30 
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43 1 1 . The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 43 12. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
and wherein the non-condensable hydrocarbons/comprise hydrogen, and wherein greater 
than about 10 % by volume and less than abovu 80 % by volume of the non-condensable 
component comprises hydrogen. 

10 43 13. The mixture of claim 4303, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 



43 14. The mixture of claim 4303, further comprising ammonia, and wherein the 



15 




ammonia is used to producle fertilizer. 



4315. The mixture of clapi 4303, wherein/ the condensable component further 
comprises olefins, and wmerein about 0.1 Y° to about 5 % by weight of the condensable 
component comprises olefins. 



oflclai 




20 43 1 6. The mixture offclaim 4303, wherein the condensable component further 



comprises olefins, ancy wherein about 0.1 % to about 2.5 % by weight of the condensable 
component comprises olefins/ 



/ 



43 17. The mixture of claim 4303, wherein the condensable hydrocarbons further 
25 comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



30 



43 1 8. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condenpable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the ndn-condensable hydrocarbons comprises H2. 
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43 19. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons compri'se H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 

5 4320. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein a weight ratio of compounds within the non-condensable hydrocarbons having 
greater than about 2 carbon atoms, to methane, is greater than about 0.3. 

4321 . A mixture produced from a portion/of a coal formation, comprising: 
10 condensable hydrocarbons, wherem less than about 15 % by weight of the 

condensable hydrocarbons have a carbon number greater than 20; and 

wherein the condensable hydrocarboms comprise olefins, wherein an olefin 
content of the condensable components les^ than about 10 % by weight of the 
condensable component.) 



15 



20 



4322. The mixture of claim 432 1 ,/further comprising non-condensable hydrocarbons, 
wherein the non-condepsable hydrocarbons comprise hydrocarbons haying carbon 
numbers of less than 3, and whercuTa^weiMt ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is/ greater than approximately 1. 

4323. The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 4324. The mixture of claim 432 1 , further comprising non-condensable hydrocarbons, 
and wherein a molar ratio/of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 ito about 0.15. 

4325. The mixture of claim 4321, wherein the condensable hydrocarbons further 
30 comprise nitrogen, and' wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the cqndensable hydrocarbons is nitrogen. 
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4326. The mixture of claim 4321 , wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

5 

4327. The mixture of claim 4321, wherein the condensable hydrocarbons further 

I 

comprise sulfur, and wherein less than about lj% by weight, when calculated on an 

/ 

atomic basis, of the condensable hydrocarbons is sulfur. 

10 4328. The mixture of claim 4321 , wherein the condensable hydrocarbons, wherein about 
5 % by weight to about 30 % by we^gfit of/the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein :he oxygen containing compounds comprise 
phenols. 



15 4329. The mixture of claim 4321, wherein/the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 

/-L / / 

condensable hydrocarbon^ arfe-ai^matic compounds. 

/ 

4330. The mixture of cKaim 4321^ wherein the condensable hydrocarbons further 
20 comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



433 1 . The mixture of claim 432 1 , wherein the condensable hydrocarbons further 
comprise asphaltenes, and wl/erein less than about 0.3 % by weight of the condensable 

25 hydrocarbons are asphaltenes. 

4332. The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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4333 . The mixture of claim 432 1 , further comprising noh-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises l^ydrogen, and wherein the 
hydrogen is about 10 % by volume to about 80 % by Xlume of the non-condensable 
hydrocarbons. / 



4334. The mixture of claim 4321, further comprising ammonia, wherein greater than ' 

I 

about 0.05 % by weight of the produced mixture is ammonia. 



4335. The mixture of claim 4321, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. / \ 

4336. The mixture of claim 4321, whereip about 0.1 % to about 5 % by weight of the 
condensable component composes olefin/. / 

4337. The mixture of claim 432 1 , whferein abAut 0. 1 % to about 2 % by weight of the 

4338. The mixture of claftn 4321 , Mereirf the condensable component further 
comprises oxygenated hydrocarbons, and Wherein greater than about 1.5 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4339. The mixture of claim 4321, wherein the condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component d&mprises oxygenated hydrocarbons. 



4340. The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 
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4341. The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons^comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 



4342. The mixture of claim 432 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a^veight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 



4343. A mixture produced from apportion of a coal formation, comprising: 

condensable hydrocarbon?, wherein less than about 5 % by weight of the 
condensable hydrocarbons cximOTisek hydrocarbons having a carbon number greater than 
about 25; and 

wherein the con'densablfe hydrocarbons further comprise aromatic compounds, 
wherein more than about 20 °A by weight of the condensable hydrocarbons comprises 



aromatic compound^ 



4344. Themixtuifeofclaii*4343, 



further comprising non-condensable hydrocarbons, 



wherein the non-condensahfle hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, an<l wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through % to methane, is greater than approximately 1 . 



4345. The mixture of efeim 4343, wherein the condensable hydrocarbons further 
comprise olefins, and \ynerein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocar^pns are olefins. 



4346. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 tojkbout 0.15. 
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4347. The mixture of claim 4343, wherein the condensable hydrocarbons further 

/ 

comprise nitrogen, and wherein less than about 1 %/by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 



4348. The mixture of claim 4343, wherein the condensable hydrocarbons further 

comprise oxygen, and wherein less than about/l % by weight, when calculated on an 

/ 

atomic basis, of the condensable hydrocarbops4s^qxygen. 

7 

/ 

4349. The mixture of claim 4343, wherein the condensable hydrocarbons further 

/ / I 

10 comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 

/ / ' 

atomic basis, of the condensable hydrocarbons is sulfur. 



4350. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise oxygen containing compou/ds, wherein about 5 % by weight to about 30 % by 
15 weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 




435 1 . The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise multi-ring/ aromatics, zjid wherein/less than about 5 % by weight of the 
20 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



4352. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4353. The mixture of claim 4343, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 4354. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condepisable hydrocarbons comprise hydrogen, and wherein the 
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hydrogen is greater than about 10 % by volume ^nd less than about 80 % by volume of 
the non-condensable hydrocarbons. 

4355. The mixture of claim 4343, further comprising ammonia, and wherein greater 
5 than about 0.05 % by weight of the produced mixture is ammonia. 

4356. The mixture of claim 4343, furthef comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 



10 



15 



20 



25 



4357. The mixture of claim 4343^/wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0/1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 



4358. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprises olefins, and jvherein abopt 0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. 



4359. The mixture ofjriaim 1343, whei^mdie^condensable hydrocarbons further 
comprises multi-ring aromatic compounds, and wherein less than about 2 % by weight of 
the condensable hydrocarbons cpmprises^multi-ring aromatic compounds. 



4360. The mixture of claim 4343, whe; 
oxygenated hydrocarbons, and/ wherein 



ein the condensable hydrocarbons comprises 
greater than about 1.5 % by weight of the 



condensable hydrocarbons comprises oxygenated hydrocarbons. 

4361. The mixture of claim J4343, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, amd wherein greater than about 25 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 
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4362. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons/comprises H2. 



4363. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 

/ 

wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 



4364. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
10 wherein the non-condensable hydrocarbons^mtiorises hydrocarbons having carbon 




numbers of less than 5, and wherein a^weight ratio\of hydrocarbons having carbon 

/ / 

numbers from 2 through 4, to methane, is greater than approximately 0.3. 



4365. A mixture produced from a portipn of a coal formation, comprising: 

/ / 

15 non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

/ / / 

of less than about 5, whe|ein a weight ratio of thy hydrocarbons having carbon number 

from 2 through 4, to methane, in the mixture is greater than approximately 1; 

wherein the norr-j'condensable ^hydrocarbons further comprise H2, wherein greater 

than about 15 % by weight of the non-condensable hydrocarbons comprises H2; and 



20 condensable hw^rocarbons^^ 



oxyge rated hydrocjirbons, wherein greater than about 1 .5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 



olefins, wherein lps than about 10 % by weight of the condensable 
hydrocarbons comprises olefins^ and • 



25 aromatic compounds, wherein greater than about 20 % by weight of the 

condensable hydrocarbons comprises aromatic compounds. 



4366. The mixture of claim/4365, wherein the non-condensable hydrocarbons further 
comprise ethene and ethaneJ and wherein a molar ratio of ethene to ethane in the non- 
30 condensable hydrocarbons ranges from about 0.001 to about 0. 1 5. 
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4367. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is^nitrogen. 

/ 

4368. The mixture of claim 4365, wherein the condensable hydrocarbons further 

comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 

/ 

atomic basis, of the condensable hydrocarbons is oxygen. 



=5=5 



10 



15 



4369. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less^thaj^^ 1 % by weight, when calculated on an 
atomic basis, of the condensable'hydro J carb^ns is sulfur. 

/ 

4370. The mixture of claim 4365, wherein 

comprise oxygen cont lining compounds 

/ / / 

weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4371 . The mixture of claim 4365, wh3r5ifl-the condensable hydrocarbons comprise 



the condensable hydrocarbons further 
lerein about 5 % by weight to about 30 % by 



multi-ring aromatic 



, and wherein les^than about 5 % by weight of the condensable 
l/i-ri 



20 hydrocarbons comprises multi-ring a/omatics with more than two rings. 



25 



4372. The mixture of claim 4365, wherein the condensable hydrocarbons comprise 
asphaltenes, and wherein l4ss than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



4373. The mixture of claim 4365, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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4374. The mixture of claim 4365, wherein the noi^/condensable hydrocarbons further 
comprises hydrogen, and wherein greater than about 10 % by volume and less than about 
80 % by volume of the non-condensable hydrocarbons. 



5 4375. The mixture of claim 4365, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4376. The mixture of claim 4365, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 



10 



15 



4377. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a ca^bor^smmber of greater than approximately 25, 
wherein less than about 15 %/by weight of the hydrocarbons have a carbon number 
greater than approximately 25. 



condensable hydroa 



4378. The mixture of claim 4365, wherein about 0. 1 % to about 5 % by weight of the 

/ / / 

rbons comprises olefins. 



4379. The mixture/ of claim 43^5, wherein about 0. 1 % to about 2 % by weight of the 
20 condensable hydrocarbons compriS 



4380. The mixtinre of claim/4365, wmerein greater than about 25 % by weight of the 
condensable hydrocarbons comprisesjoxygenated hydrocarbons. 

25 4381 . The mixture of claim 4365, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 

4382. A mixture produced from a portion of a coal formation, comprising: 
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condensable hydrocarbons, wherein lessfhan about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; 

wherein the condensable hydrocarbo/is further comprise: 
5 oxygenated hydrocarbons, wherein greater than about 5 % by weight of 

the condensable hydrocarbons comprises Oxygenated hydrocarbons; 

olefins, wherein less than^bout 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 

aromatic compounds^Wherein greater than about 30 % by weight of the 
10 condensable hydrocarbons comjafises aromatic compounds; and 

non-condensable hydf^carbyns comprising H2, wherein greater than about 15 % 
by weight of the non-condensable nydrocjarbons comprises H2. 

4383. The mixture 0/ tflaim 4382, wheiein the non-condensable hydrocarbons further 
15 comprises hydrocarbons having carbon/numbers of less than 5, and wherein a weight 

ratio of hydrocarbo^having <j|arbon numbers from 2 through 4, to methane, is greater 
than approximately 

4384. The mixture of claiiA 4382, /vherein the non-condensable hydrocarbons comprise 
20 ethene and ethane, and whirein a molar ratio of ethene to ethane in the non-condensable 

hydrocarbons ranges fromf about 0.001 to about 0.15. 



25 



4385. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise nitrogen, and ivherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 



4386. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise oxygen, ana wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the qondensable hydrocarbons is oxygen. 



30 



Conley, Rose & Tayon, P.C. 



4387. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons* is sulfur. 

4388. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, /vherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbon^ comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



10 



15 



4389. The mixture of claim 4#82, wherein the condensable hydrocarbons further 



comprise multi-ring aromatics, andAvherein 
condensable hydrocarbons comprises multi- 



4390. The mixture of claim 4382, whereimthe condensable hydrocarbons further 



comprise asphaltem 
hydrocarbons are 



ess than about 5 % by weight of the 
iing aromatics with more than two rings. 



's, and wheyein less th^h about 0.3 % by weight of the condensable 
phaltenesJ 



4391 . The mixture of clainy4382, wherein t he condensable hydrocarbons comprise 

cycloalkanes, and whQTQij^epom 5 % m weight to about 30 % by weight of the 

20 condensable hydfrpcarbons pre cycloalkanes. 

| 

4392. The mixtjfire of clam 4382, wherein greater than about 10 % by volume and less 
than about 80 % by volume of the nc/n-condensahle hydrocarbons is hydrogen. 

25 4393. The mixture of claim 4382, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4394. The mixture of claim 4382, further comprising ammonia, and wherein the 
ammonia is used to prqduce fertilizer. 

30 
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4395. The mixture of claim 4382, wherein about 0.|/% to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

4396. The mixture of claim 4382, wherein about 0.1 % to about 2 % by weight of the 
5 condensable hydrocarbons comprises olefins. 



10 



4397. The mixture of claim 4382, wherein^the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein gpeafSMhan about 15 % by weight of the 
condensable hydrocarbons comprises / oxygenatea hydrocarbons. 



4398. The mixture of claim 4382, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon,atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to/methane is greater than about 0.3. 



15 4399. A condensabljfeymixture produced from a portion of a coal formation, comprising: 
olefins, wherfein about O.y % by weijght to about 15 % by weight of the 
condensable mixture comprises olefins; 

oxygenatedpydrocarbons, whereii less than about 15 % by weight of the 
condensable mixture comprises oxygenSfediiydrocarbons; and 
20 asphalten&, wherein /ess than apout 0. 1 % by weight of the condensable mixture 

comprises asphallenes. 



25 



4400. The mixture of cl aim 4399a ^herein the condensable mixture further comprises 
hydrocarbons having a cdrbon number of greater than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbons in the mixture have a carbon number greater 
than approximately 25. 
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4401 . The mixture of claim 4399, wherein about 0. 1 % by weight to about 5 % by 
weight of the condensable mixture comprises olefins. 
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4402. The mixture of claim 4399, wherein the condensable mixture further comprises 
non-condensable hydrocarbons, wherein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ettfene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

4403. The mixture of claim 4399, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % bj weight, when calculated on an atomic basis, 
of the condensable mixture is nitrogen. 



10 



4404. The mixture of claim 4399, whe: 
oxygen, and wherein less than about 1 fA 
of the condensable mixtures oxygen. 



:in the condensable mixture further comprises 
by weight, when calculated on an atomic basis, 



\ I / ' 

4405. The mixture df claim 4399, /wherein the condensable mixture further comprises 



the condensable mixi 



4* 15 sulfur, and wherein U is than about 1 % by weight, when calculated on an atomic basis, of 



re is sulfur/ 



25 



4406. The mixtun/ of claim 4^99, wherein the condensable mixture further comprises 



oxygen containing Compounds, wherein about 5 % by weight to about 30 % by weight of 
20 the condensable m ixture comprise oxygen containing compounds, and wherein the 



oxygen containing 



ininj 



compounds comprise phenols. 



4407. The mixture of claim 4399, wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than about 20 % by weight of the condensable 
mixture are aromatic compounds. 



4408. The mixture of cteim 4399, wherein the condensable mixture further comprises 
multi-ring aromatics, am wherein less than about 5 % by weight of the condensable 
hydrocarbons comprise* multi-ring aromatics with more than two rings. 



30 
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4409. The mixture of claim 4399, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to afiout 30 % by weight of the 
condensable mixture are cycloalkanes. 

4410. The mixture of claim 4399, wherein the/condensable mixture comprises non- 
condensable hydrocarbons, and wherein the n©n-condensable hydrocarbons comprise 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons and wherein the/iydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 

441 1 . The mixture of claim 4399, further comprising ammonia, and wherein greater 

/ / ■ 
than about 0.05 % by weight pf the produced mixture is ammonia. 

4412. The mixture of flajm 4399, further comprising ammonia, and wherein the 
15 ammonia is used to procrace fertilizer 

/ / / 

4413. The mixture of/claim 43 99J wherein about 0.1 % by weight to about 2 % by 
weight of the condensable mixture comprises olefins. 



10 



20 4414. Acondensab 



25 



condensable mixture 



e mixture moduced frym a portion of a coal formation, comprising: 
olefins, whei;in about o/l % by weight to about 2 % by weight of the 

/comprises olefins; / 
multi-ring aromatics, wherein less' than about 2 % by weight of the condensable 
mixture comprises multi-ring^omaticsjitith more than two rings; and 

oxygenated hydrocarpons, wherein greater than about 25 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons. 



30 



4415. The mixture of claim 4414, further comprising hydrocarbons having a carbon 
number of greater than approximately 25, wherein less than about 5 weight % of the 
hydrocarbons in the mixture have a carbon number greater than approximately 25. 
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4416. The mixture of claim 4414, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is nitrogen. 

4417. The mixture of claim 4414, whereinithe condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, when calculated on an atomic basis, , 
of the condensable hydrocarbons is oxygen. 

441 8. The mixture of claim 4414, wherein the condensable mixture further comprises 
sulfur, and wherein less than aboutl % byyeight, when calculated on an atomic basis, of 
the condensable hydrocarbons/is sulfur. 



44 1 9. The mixture of claim 441 4,/wherein 



the condensable mixture further comprises 
ut 5 % by weight to about 30 % by weight of 



oxygen containing coP pounds, wnerein ab 

the condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing co: npounds ^omprise phenols. 

4420. The mixture if cla im 44 1A wherdin the condensable mixture further comprises 
aromatic compounds,! and wh^eirT^e^t^r than about 20 % by weight of the condensable 
mixture are aromatic/compounds. 



4421 . The mixture of claim 4414, wherein the condensable mixture further comprises 
condensable hydrocarbons, and whWin less than about 0.3 % by weight of the 
condensable hydrocarbons Are asphaltenes. 



4422. The mixture of clapi 4414, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbon are cycloalkanes. 



30 4423. The mixture of c|aim 4414, further comprising ammonia, wherein greater than 
about 0.05 % by weight (of the produced mixture is ammonia. 
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4424. The mixture of claim 4414, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer. 

4425. A mixture produced from a portion off a coal formation, comprising: 
non-condensable hydrocarbons andM 2 , wherein greater than about 10 % by 

volume of the non-condensable hydrocarbons and H2 comprises H2; 

ammonia and water, wherein greater than about 0.5 % by weight of the mixture 
comprises ammonia; and 

condensable hydrocarb6ns. 




4426. The mixture of claim 4425, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of less than 5, and wherein a weight ratio 



of the hydrocarbons 
is greater than appro 



.1 



living carbon numbers fijom 2 through 4, to methane, in the mixture 
mately 1. / | 



20 



25 



4427. The mixture of claim 4423, wherein greater than about 0.1 % by weight of the 
condensable hydrocarbons, and yherein les^fthan about 15% by weight of the 
condensable hydrqclarbons 



are < 



4428. The mixture of claim 4425, wherein the non-condensable hydrocarbons further 
comprise ethene a Id ethane, w|ierein a mc/lar ratio of ethene to ethane in the non- 
condensable hydrocarbons is dreater than hbout 0.001, and wherein a molar ratio of 
ethene to ethane in the non-ccmdensable Hydrocarbons is less than about 0.15. 

4429. The mixture of claim|4425, wherein less than about 1 % by weight, when 
calculated on an atomic basii, of the condensable hydrocarbons is nitrogen. 



4430. The mixture of claim 4425, wherein less than about 1 % by weight, when 
30 calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 
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443 1 . The mixture of claim 4425, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

4432. The mixture of claim 4425, whereirf about 5 % by weight to about 30 % by 

5 weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 
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4433. The mixture of claim 4425, wJierenT&eater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4434. The mixture of claim / 4425, v^herein les^s than about 5 % by weight of the 

cor 



condensable hydrocarbons comprises multi-rii 



[g aromatics with more than two rings. 



4435. The mixture bf claim 4425' wherein lgss than about 0.3 % by weight of the 
15 condensable hydrocarbons are asdhaltenes. 



25 



30 



4436. The mixture of 
weight of the conden^' 



claim 44^5, wherein about 5 % by weight to about 30 % by 
>ns are cycloalkanes. 



20 4437. The mixture c 
the non-condensable 



claim 4425, wherein the H2 is less than about 80 % by volume of 
tydrocarjbons and H2. 



4438. The mixture of claim ft425, wherein the condensable hydrocarbons further 



comprise sulfur containing 0 



4439. The mixture of claim 



4440. The mixture of claim 
hydrocarbons have carbon numbers 



mpounc 



4425, wherein the ammonia is used to produce fertilizer. 



4425, wherein less than about 5 % of the condensable 
greater than 25. 
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4441. The mixture of claim 4425, wherein the condensable hydrocarbons comprise 

olefins, and wherein about 0.001 % by weight of the condensable hydrocarbons comprise 

/ 

olefins, and wherein less than about 15 % by weight of the condensable hydrocarbons 
comprise olefins. 



/ 



/ 

4 

4442. The mixture of claim 4425, wherein the condensable hydrocarbons comprise 

olefins, and wherein about 0.001 % by weight of the condensable hydrocarbons comprise 

/ 

olefins, and wherein less than about 10 %/by weight of the condensable hydrocarbons 
comprise olefins. 



4443. The mixture of claim 442Xwherer 

/ 



oxygenated hydrocarbons, an<y wherein greater than about 1.5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



the condensable hydrocarbons comprise 



15 4444. The mixture of/claim 4425, wherein the condensable hydrocarbons further 
comprise nitrogen cornaining compounds. 



20 



4445. A method ofxreating ycoal formation in situ comprising providing heat from 
three or more heat |purces tayat least yportion of the formation, wherein three or more of 
the heat sources ar| loc^&cHfi^hgjbirnation in a unit of heat sources, and wherein the 
unit of heat sourcefe comprises a triangular pattern. 



4446. The method of claim 4445, wherein three or more of the heat sources are located 

- . / / 

in the formation in a plurality oythe units, and wherein the plurality of units are repeated 
25 over an area of the formation to form a repetitive pattern of units. 
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4447. The method ofl claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, and wherein a ratio of heat 
sources in the repetitive pattern of units to production wells in the repetitive pattern is 
less than approximately 5. 
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4448. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the ^plurality of units are repeated over 
an area of the formation to form a repetitive pattern c^f units, wherein three or more 
production wells are located within an area defined ^by the plurality of units, wherein the 
three or more production wells are located in the formation in a unit of production wells, 
and wherein the unit of production wells compris/s a triangular pattern. 



10 
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4449. The method of claim 4445, wherein tlyee or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a Ttipdi^^J^d^^fi of units, wherein three or more 



injection wells are located within ap area defined 
three or more injection wells are/located in the fo: 
wherein the unit of injection wells comprises a triangular pattern 



>y the plurality of units, wherein the 
mation in a unit of injection wells, and 



4450. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plu&lity of thermits, wherein the plurality of units are repeated over 
an area of the foimatiop Ao form a Repetitive pattern of units, wherein three or more 
production wells and three or more injection wells are located within an area defined by 
the plurality of units/ wherein th e-Ai^omnore production wells are located in the 
formation in a unit of production wells, wherein the unit of production wells comprises a 
first triangular pattern, wherein the three or more injection wells are located in the 
formation in a unitbi injectioji wells, ywherein the unit of injection wells comprises a 
second triangular pattern, and wherep the first triangular pattern is substantially different 
25 than the second triangular pattern. 



30 



4451. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation 10 form a repetitive pattern of units, wherein three or more 
monitoring wells are located within an area defined by the plurality of units, wherein the 
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three or more monitoring wells are located in the formation in a unit of monitoring wells, 
and wherein the unit of monitoring wells comprises si triangular pattern. 

4452. The method of claim 4445, wherein a production well is located in an area 
5 defined by the unit of heat sources. 
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4453. The method of claim 4445, wherein/hree or more of the heat sources are located 
in the formation in a first unit and a secona unit, wherein the first unit is adjacent to the 
second unit, and wherein the first umH^nverthd with respect to the second unit. 



4454. The method of claim 4445, wtterein a distance between each of the heat sources in 
the unit of heat sources vapfes by less than about 20 %. 



4455. The method cwclaim 4443, wherein a distance between each of the heat sources in 
15 the unit of heat sources is approximately edual. 

4456. The method of claim 4445, wherein providing heat from three or more heat 
sources comprises siihstantiplju^fonylly providing heat to at least the portion of the 
formation. 



4457. The method of cl&im 4445, ^herein the heated portion comprises a substantially 
uniform temperature distribution. 



25 



30 




4458. The method c£ claim 4445, wherein the heated portion comprises a substantially 
uniform temperature distribution, and wherein a difference between a highest temperature 
in the heated porticp and a lowest temperature in the heated portion comprises less than 
about 200 °C. 

4459. The metttod of claim 4445, wherein a temperature at an outer lateral boundary of 
the triangular pittern and a temperature at a center of the triangular pattern are 
approximately/equal. 
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4460. The method of claim 4445, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center oy the triangular pattern increase 
substantially linearly after an initial period of time,^ind wherein the initial period of time 
comprises less than approximately 3 months. 



a 
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446 1 . The method of claim 4445, wherein a time required to increase an average 
temperature of the heated portion to a selected temperature with the triangular pattern of 
heat sources is substantially less than a timeyrequired to increase the average temperature 
of the heated portion to the selected temperature with a hexagonal pattern of heat sources, 
and wherein a space between each of-fne neat sburces in the triangular pattern is 
approximately equal to a space between each of pe heat sources in the hexagonal pattern. 



4462. The method of clairji 4445, wherein a time required to increase a temperature at a 
coldest point within thi heated portion to a selected temperature with the triangular 
pattern of heat sources/is substantially less than a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately equal to a space between each of the heat sources in 



the hexagonal patter 



4463. Themetho 
coldest point wit] 



of claim 4445, where/in a time required to increase a temperature at a 
the heated portion Xp a selected temperature with the triangular 
pattern of heat sources is substantially Jess than a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a number of heat sources per unit area in the 
triangular pattern is equal jo the number of heat sources per unit are in the hexagonal 
pattern of heat sources. 



30 4464. The method of claim 4445, wherein a time required to increase a temperature at a 
coldest point within the lieated portion to a selected temperature with the triangular 
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pattern of heat sources is substantially equal to a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately 5 m greatei/than a space between each of the heat 
5 sources in the hexagonal pattern. 

4465. The method of claim 4445, wherein providing heat from three or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (POMthe coal formation from three or more of the heat 
10 sources, wherein the formation's an avarage heat capacity (C v ), and wherein heat from 
three or more of the heat sources pyrolyz^s at least some hydrocarbons within the 
selected volume of thei forfnation: Zid 

// / / 

wherein heatin^/energy/d^y proyded to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 



15 



25 



Pwr=h*V1 



-v Pb 



wherein PjJr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bjilk densi/y, and wherein the heating rate is less than about 
10°C/day. 

20 4466. The method of claim 4445/ wherein three or more of the heat sources comprise 
electrical heaters. 

4467. The method of/claim 4445, wherein three or more of the heat sources comprise 
surface burners. 



4468. The method jbf claim 4445, wherein three or more of the heat sources comprise 
flameless distributee combustors. 



4469. The methofl of claim 4445, wherein three or more of the heat sources comprise 
30 natural distributee! combustors. 
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4470. The method of claim 4445, further comprisir 
allowing the heat to transfer from three or more offthe heat sources to a selected section 
of the formation such that heat from three or more of the heat sources pyrolyzes at least 
some hydrocarbons within the selected section .of the formation; and 
producing a mixture of fluids from the formation. 



10 
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4471 . The method of claim 4470, further comprising controlling a temperature within at 
least a majority of the selected section ofihe formation, wherein the pressure is 
controlled as a function of temperature^or^ie temperature is controlled as a function of 
pressure. 



4472. The method of claijn 4470, 
average h 
pyrolysis. 



aijal 44 /u, mrther comprising controlling the heat such that an 
average heating rate of the selected/section is less than about 1 .0° C per day during 



4473. The methoa of claim 4470, wherem allowing the heat to transfer from three or 
more of the heat sources to the/selected section comprises transferring heat substantially 
by conduction. 



4474. The mfetfiod of clairrf 4470,^Lerein providing heat from three or more of the heat 
sources to atle^st the portipn of the formation comprises heating the selected section 
such that a thermal conductivity of/at least a portion of the selected section is greater than 
about 0.5 Wfm °C. 



25 4475. The method of cylaim 4470, wherein the produced mixture comprises an API 
gravity of at least 25°. 



30 



4476. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1% by weight to about 15% by weight of the 
condensable hydrocarbons are olefins. 
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4477. The method of claim 4470, wherein thd produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



4478. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrpc^b^m is nitrogen. 

4479. The method of claim 4470/ wherein the produced mixture comprises condensable 
hydrocarbons, and JEvh^rein less pan about 1 % by weight, when calculated on an atomic 
basis, of the conddnsable hydrocarbons is oxygen. 



4480. The metMod of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



448 1 . The method of claim 4470; wherein the produced mixture comprises condensable 
hydrocarbons, wherein afcout 5 %/by weight to about 30 % by weight of the condensable 
hydrocarbons comprise /oxygen containing compounds, and wherein the oxygen 
containing compounds /comprise! phenols. 

4482. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wperein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



4483. The method/of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4484. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.\%fby weight of the condensable 
hydrocarbons are asphaltenes. 

4485. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanjes. 
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4486. The method of claim 4470.>tfKef&n the produced mixture comprises a non- 
10 condensable component, wherein the iron- condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein ^ne hydrog/n is jess than about 80 % by volume of the non- 
condensable compon^ 

15 4487. The method/6f claim 4470, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 °/iby weight of the produced mixture is ammonia. 



4488. The methfod of claim 4470, wherein the produced mixture comprises ammonia, 
and wherein the/ammonia is used to/produce fertilizer. 

I / 



4489. The method of clairA 4470/ further comprising controlling formation conditions to 
produce a miJture of hydrocarbon fluids and H2, wherein a partial pressure of H2 within 
the mixture is greater thai/ about 2.0 bar absolute. 

4490. The method of claim 4470, further comprising altering a pressure within the 
formation to inhibit prcpuction of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



4491 . The method 01 claim 4470, further comprising controlling formation conditions 
30 by recirculating a portion of hydrogen from the mixture into the formation. 



Conley, Rose & Tayon, P.C. 



4492. The method of claim 4470, further comprising: 

providing hydrogen (H2) to the heatep section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section wifh heat from hydrogenation. 



10 



4493. The method of claim 4470, tardier comprising: 
producing hydrogen from the formation; and 

hydrogenating a portion of tl/e produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

4494. The method of claim 4470, wherein allowing the heat to transfer from three or 
more of the heat sources toahe selected section of the formation comprises increasing a 
permeability of a majority of tne selected section to greater than about 100 millidarcy. 



15 4495. The methon of claim fl-470, wherein allowing the heat to transfer from three or 
more of the heat sources to tne selected section of the formation comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 



20 



4496. The method of clmm 4470, further comprising controlling the heat from three of 

/ . / / 

more heat sourqbiJ 10 yielJo-^Featg^nan about 60 % by weight of condensable 

hydrocarbons, is measu/ed by Fischer Assay. 



4497. The mtfthod of claim 4470, wherein producing the mixture comprises producing 



the mixture inla production well, 



and wherein at least about 7 heat sources are disposed in 



25 the formation for each productioi 1 well. 

4498. The method qf claim 4470, further comprising providing heat from three or more 
heat sources to at le^t a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 



30 sources comprises a 



triangular pattern. 
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4499. The method of claim 4470, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and whereir^ plurality of the units are repeated 

5 over an area of the formation to form a repetitive pattern of units. 

4500. A method for in situ production of syndesis gas from a coal formation, 
comprising: 

heating a section of the formation tofo temperature sufficient to allow synthesis 
10 gas generation, wherein a permeability ofme section is substantially uniform and greater 
than a permeability of an unheated s^dtidn of the formation when the temperature 
sufficient to allow synthesis gas generaiion within the formation is achieved; 

providing a synthesis §as generating fhpd to the section to generate synthesis gas; 

and 

15 removing synthesis gas frorrf the formation. 



20 



4501 . The method oiyclaim 4500, wherein the permeability of the section is greater than 
about 100 millidarcyflwhen the temperature /sufficient to allow synthesis gas generation 
within the formation is achieve/ 

4502. The methop of claimT&O^Madien^ the temperature sufficient to allow synthesis 
gas generation ranges from Approximately 400 °C to approximately 1200 °C. 



4503. The metnod of claim 4500, further comprising heating the section when providing 
25 the synthesis gas generating fluid to/inhibit temperature decrease in the section due to 
synthesis gas generation./ / 



30 



4504. The method of cflaim 4500, wherein heating the section comprises convecting an 
oxidizing fluid into a portion of the section, wherein the temperature within the section is 
above a temperature sufficient to support oxidation of carbon within the section with the 
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oxidizing fluid, and reacting the oxidizing fluid with carbon in the section to generate 
heat within the section. 

4505. The method of claim 4504, wherein the oxidizing fluid comprises air. 
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4506. The method of claim 4505, wherein an amount of the oxidizing fluid convected 
into the section is configured to inhibit formation of oxides of nitrogen by maintaining a 
reaction temperature below a temperature sufficient to produce oxides of nitrogen 
compounds. 

4507. The method of claim 4500, whereiA heating the section comprises diffusing an 
oxidizing fluid to reaction zones adjacenrttTWellbores within the formation, oxidizing 
carbon within the reaction zone to generate heat, and transferring the heat to the section. 



15 4508. The method of claim #500, wnerein hfcating the section comprises heating the 
section by transfer of heat worn one or moreiof electrical heaters. 

4509. The method of Maim 4500/ wherein heating the section to a temperature sufficient 
to allow synthesis gasfgeneration/and providing a synthesis gas generating fluid to the 
20 section comprises injlroducing s^eam intqf the section to heat the formation and to generate 
synthesis gas. 



25 



45 10. The methqjti of claim A500, fu/ther comprising controlling the heating of the 
section and provision of the feynthesifc gas generating fluid to maintain a temperature 
within the section above the temperature sufficient to generate synthesis gas. 



30 



45 1 1 . The method of claim 4500, further comprising: 

monitoring a composition of the produced synthesis gas; and 

controlling heating of the section and provision of the synthesis gas generating 

fluid to maintain the composition of the produced synthesis gas within a selected range. 
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45 1 2. The method of claim 451 1, wherein the selected range comprises a ratio of H2 to 
CO of about 2:1. 

45 13. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
5 liquid water. 

45 1 4. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
steam. 
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10 45 1 5. The method of claim 4500, wherein the synthesis gas generating fluid comprises 

water and carbon dioxide, and wherekufie carbon dioxide inhibits production of carbon 

/ t \ 

dioxide from carbon containing rnaterial within the section. 
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45 1 6. The method of clakn 45 1 5, wherein a portion of the carbon dioxide within the 
synthesis gas generati lg fluid comprises carbom dioxide removed from the formation. 



45 1 7. The method of claim 4500,/wherein the synthesis gas generating fluid comprises 
carbon dioxide, andMierein a portion of the jcarbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



45 1 8. The methiA of claim 45A 7, whereiiTa portion of the carbon dioxide within the 
synthesis gas generating fluid comprises /arbon dioxide removed from the formation. 



45 1 9. The method of claim tt500, wherein providing the synthesis gas generating fluid 
25 to the section comprises rai^ng a water table of the formation to allow water to flow into 
the section. 



30 



4520. The method of claitn 4500, wherein the synthesis gas is removed from a producer 
well equipped with a heating source, and wherein a portion of the heating source adjacent 
to a synthesis gas producing zone operates at a substantially constant temperature to 
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promote production of the synthesis gas whereiyi the synthesis gas has a selected 
composition. 



4521 . The method of claim 4520, wherein ihe substantially constant temperature is 

5 about 700 °C, and wherein the selected composition has a H 2 to CO ratio of about 2:1. 

4522. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon^numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within the section to increase a H2 

10 concentration of the generated synthesis gas. 
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portion of the hydrocarbons react/within thq 
synthesis gas removed from the formation 



4523. The method of claim 4S00yWhereinl ;he synthesis gas generating fluid comprises 
water and hydrocarbons haying carbon numbers greater than 4, and wherein at least a 



section to increase an energy content of the 



4524. The method pf claim 45f00, further comprising maintaining a pressure within the 
formation during s^thesis ga^f generation^ and passing produced synthesis gas through a 
turbine to generat e/electricityJ 



4525. The method of claim! 
synthesis gas using a fuel ceil. 



furtWer comprising generating electricity from the 



25 



4526. The mettybd of claim 4500, firfther comprising generating electricity from the 
synthesis gas using a fuel cfell, separating carbon dioxide from a fluid exiting the fuel cell, 



and storing a portion of th^ 
formation. 



4527. The method of clai 
30 as a combustion fuel to hdat 



separated carbon dioxide within a spent section of the 



m 4500, further comprising using a portion of the synthesis gas 
the formation. 
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4528. The method of claim 4500, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

5 4529. The method of claim 4500, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 



10 



4530. The method of claim 4500, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

453 1 . The method of claim 4500; further comprising converting at least a portion of the 
synthesis gas to methane using/a catalytic methanation process. 



4532. The method of dlaip 4500, further comprising providing heat from three or more 
15 heat sources to at least ja portion of ^the formation, wherein three or more of the heat 

sources are located in ih'e formatiop in a unit qff heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4533. The method f/f claim 450,6rfi5iti^dbmprising providing heat from three or more 
JE 20 heat sources to at leftst a portioryof the formation, wherein three or more of the heat 
sources are located fin the formation in a ipit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



25 



4534. A method of treating a coal formation in situ, comprising: 

providing heat from ope or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to substantially 



uniformly increase a perme 



30 portion to a temperature suf icient to allow synthesis gas generation; 



)ility of the portion and to increase a temperature of the 



859 



Conley, Rose & Tayon, PC 



/ 

providing a synthesis gas generating fluid to at lept the portion of the selected 
section, wherein the synthesis gas generating fluid comprises carbon dioxide; 

obtaining a portion of the carbon dioxide of the synthesis gas generating fluid 
from the formation; and 

producing synthesis gas from the formatio: 




4535. The method of claim 4534, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400 °C to about 1200 °C. 



10 



4536. The method of claim 4534, further cojH|5risinj 
separated carbon dioxide as a flooding agenx to produc 
coal formation. 




ising a second portion of the 
hydrocarbon bed methane from a 



4537. The method of claim 4536, wherein the coal/formation is a deep coal formation 
15 over 760 m below ground surface. 



4538. The method ofifoiaim 4536, jmerein the^coal formation adsorbs some of the 
carbon dioxide to secmester the carbon dioxide. 

20 4539. The methodr of claim 4534, further comprising using a second portion of the 
separated carbon flfioxide as a flpe4ingagent for enhanced oil recovery. 
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4540. The metjiod of claim 4534, wnerein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration within the produced synthesis gas. 



30 



4541 . The method of claim 4534, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons naving carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the selected section to increase an energy 
content of the produced/ synthesis gas. 
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4542. The method of claim 4534, further comprising maintaining a pressure within the 
formation during synthesis gas generation, aip passing produced synthesis gas through a 
turbine to generate electricity. 

4543. The method of claim 4534, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4544. The method of claim 4534, fy&heq: comprising generating electricity from the 
10 synthesis gas using a fuel cell, separating <krbon dioxide from a fluid exiting the fuel cell, 

and storing a portion of the ^q)ara}ed carbqn dioxide within a spent portion of the 
formation. 

4545. The method of claim 45&4, furthep- comprising using a portion of the synthesis gas 
15 as a combustion tfuel for heating the formation. 

- 4546. The metfliod of claim #534, former comprising converting at least a portion of the 
produced syntljesis gas to c^ndensablp hydrocarbons using a Fischer-Tropsch synthesis 
process. 

20 

4547. The riftethod of claim 4534, Aiirther comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4548. The method of claim 453ft, further comprising converting at least a portion of the 
25 produced synthesis gas to gasoline. 



4549. The method of claim 4534, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 
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4550. The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H 2 to carbon monoxide of greater than about 2. 

455 1 . The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H 2 to ciarbon monoxide of less than about 2. 



4552. The method of claim 4534, j^ereinl a temperature of the one or more heat sources 
10 wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H 2 to capon monoxide of approximately 2. 



15 



4553. The method of claim 4534, where/n a heat source of the one or more of heat 
sources comprises an felectrical heater. 

4554. The method o£f claim 4584, wherein a heat source of the one or more heat sources 
comprises a natural distributor /heater. i 



20 
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4555. The method/ oTclainr4534 i wJierein a heat source of the one or more heat sources 
comprises a flamejfess distributor combilStor (FDC) heater, and wherein fluids are 
produced from thi wellbore of the ^DC heater through a conduit positioned within the 
wellbore. 

4556. The method of claini 4534, further comprising providing heat from three or more 
heat sources to at least a po lion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4557. The method of claifn 
heat sources to at least a 
sources are located in the 



4534, further comprising providing heat from three or more 
n of the formation, wherein three or more of the heat 
ormation in a unit of heat sources, wherein the unit of heat 



portior 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitiv/ pattern of units. 
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4558. A method of in situ synthesis gas production, comprising: 

providing heat from one or more fljoneless distributed combustor heaters to at 
least a first portion of a coal formation; 

allowing the heat to transfer froijfi the one or more heaters to a selected section of 
the formation such that the heat from tJ^on&spr more heaters substantially uniformly 
increases a permeability of the sth£t£d section, and to raise a temperature of the selected 
10 section to a temperature sufficient td generate synthesis gas; 

introducing a synthesis gas/producing fluid into the selected section to generate 
synthesis gas; and 

removing! synthesis gas flfom the formation. 

15 4559. The metliod pf claim ^p58, whereim the one or more heaters comprise at least two 
heaters, and wherein superposition of heai from at least the two heaters substantially 
uniformly increases a permeability of the selected section, and raises a temperature of the 
selected sectiop^a temperature sufficient to generate synthesis gas. 

20 4560. The n#hod of cl^im 4558, fujfther comprising producing the synthesis gas from 
the formation JLmder pressure, and generating electricity from the produced synthesis gas 
by passing tHi produceg synthesis gas through a turbine. 



456 1 . The method on claim 4558, further comprising producing pyrolyzation products 
25 from the formation wnen raising the temperature of the selected section to the 
temperature sufficient to generate synthesis gas. 
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4562. The method/of claim 4558, further comprising separating a portion of carbon 
dioxide from the removed synthesis gas, and storing the carbon dioxide within a spent 
portion of the formation. 
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4563. The method of claim 4558, further comprising stating carbon dioxide within a 
spent portion of the formation, wherein an amount of carbon dioxide stored within the 
spent portion of the formation is equal to or greater ttyan an amount of carbon dioxide 
within the removed synthesis gas. 



4564. The method of claim 4558, further comp/ising separating a portion of H 2 from the 
removed synthesis gas; and using a portion ^pf^Tsbparated H2 as fuel for the one or more 
heaters. 

10 4565. The method of claim 4564f further o/omprisini* using a portion of exhaust products 
from one or more heaters as a portion of tne synthesis gas producing fluid 
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4566. The method of claim 4558, further comprising using a portion of the removed 
synthesis gas with a fuel cell to generate electricity. 

4567. The method of claim 4566, wherein the/fuel cell produces steam, and wherein a 
portion of the steam ism§ed as a porcion of th^synthesis gas producing fluid. 

4568. The method fff claim 456q, wherein^fi&^iel cell produces carbon dioxide, and 
wherein a portion off the carbon dioxide is introduced into the formation to react with 
carbon within the formation to produce carbon monoxide. 



25 



4569. The method of claim 4p66, wherein the fuel cell produces carbon dioxide, and 
storing an amount of carbon aioxide within a spent portion of the formation equal or 
greater to an amount of the carbon dioxide produced by the fuel cell. 



4570. The method of claim 4558, further comprising using a portion of the removed 
synthesis gas as a feed prcpuct for formation of hydrocarbons. 
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4571 . The method of claim 4558, wherein the synthesis gas producing fluid comprises 
hydrocarbons having carbon numbers less than 5, and wherein the hydrocarbons crack 
within the formation to increase an amount of H2 wfthin the generated synthesis gas. 

5 4572. The method of claim 4558, further composing providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a umtjp^heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

10 4573. The method of claim 455^furtheycompr^ing providing heat from three or more 
heat sources to at least a portion of the formation/ wherein three or more of the heat 
sources are located in the formation in a/unit of neat sources, wherein the unit of heat 
sources comprises a triangular pattern, -and wherein a plurality of the units are repeated 
over an area of the formation to form p. repetitive pattern of units. 

15 

4574. A method of treating a coal formation, comprising: 
heating a po rtjon of th e formation with one or more electrical heaters to a 

temperature sufficient to pyrolyzep^dFQgg gbon s within the portion; 
producing pyrolyzation fluid from the formation; 
20 separating a/fuel cell feed stream from the pyrolyzation fluid; and 

directing the fuel cell feed stream to a fuel cell to produce electricity; 

4575. The method of claim 4574, wherein the fuel cell is a molten carbonate fuel cell. 
25 4576. The method of claim W574, wherein the fuel cell is a solid oxide fuel cell. 



4577. The method of claim 4574, further comprising using a portion of the produced 
electricity to power the electrical heaters. 
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4578. The method of claim 4574, wherein heating the portion of the formation is 
performed at a rate sufficient to increase a permeability of the portion and to produce a 
substantially uniform permeability within the portion. 



5 4579. The method of claim 4574, whereirythe fuel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less than 5. 

4580. The method of claim 4574ywhen:ein me fuel cell feed stream comprises H 2 and 
hydrocarbons having a carbon pumbe/ of le^s than 3. 

10 

458 1 . The method of claim 4574, /further comprising hydrogenating the pyrolyzation 
fluid with a portion of Yw from the pyrolyzation fluid. 

4582. The method owclaim 45/74, wherein the hydrogenation is done in situ by directing 
15 the H2 into the formation. 

4583. The methoa of claimN^S^jvherein the hydrogenation is done in a surface unit. 

4584. The metmpd of claim 457% further comprising directing hydrocarbon fluid having 
20 carbon numbers fless than 5 adjaaent to at least one of the electrical heaters, cracking a 

portion of the hydrocarbons to produce H2, and producing a portion of the hydrogen from 
the formation. 

4585. The method of claim 4584, further comprising directing an oxidizing fluid 
25 adjacent to at least tHe one of the electrical heaters, oxidizing coke deposited on or near 

the at least one of tne electrical heaters with the oxidizing fluid. 



30 



4586. The methoa of claim 4574, further comprising storing CO2 from the fuel cell 
within the format/on. 
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4587. The method of claim 4586, wherein the C(/ 2 is adsorbed to carbon material within 
a spent portion of the formation. 

4588. The method of claim 4574, further corrjprising cooling the portion to form a spent 
5 portion of formation. 

4589. The method of claim 4588, whereirycooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 

10 4590. The method of claim 4589, further comprising using a portion of the removed 
steam to heat a second portion of the fdrmatior 



15 
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4591 . The method of claim 4589, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid in i second portion of the formation. 

4592. The method of claim 45 74,/furthen comprising: 

heating the portion to a temperature sufficient to support generation of synthesis 
gas after production of me pyrolwation fluids; 

introducing a synthesis gps producing fluid into the portion to generate synthesis 
gas; and 

removing a pcfrtion of ttfe synthesis gas from the formation. 



4593. The method if claim 4692, further comprising producing the synthesis gas from 
the formation imderfpressurejand generating electricity from the produced synthesis gas 
25 by passing the produced syntnesis gas through a turbine. 



4594. The method of claim'4592, further comprising using a first portion of the removed 
synthesis gas as fuel cell feed. 



30 4595. The method of claim 
the fuel cell, and using the 



4592, further comprising producing steam from operation of 
steam as part of the synthesis gas producing fluid. 
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4596. The method of claim 4592, further comprising usigfg carbon dioxide from the fuel 
cell as a part of the synthesis gas producing fluid. 

4597. The method of claim 4592, further comprisin^using a portion of the synthesis gas 
to produce hydrocarbon product. 

4598. The method of claim 4592, further cpfrfpr^m§ cooling the portion to form a spent 
portion of formation. 

4599. The method of claim 4598( wherein cooling the portion comprises introducing 
water into the portion to produce steam, ana removing steam from the formation. 

4600. The method of claim 4599, furthe/ composing using a portion of the removed 
steam to heat a second pomon of the formation./ 

4601 . The method of ctfem^599, further comprising using a portion of the removed 
steam as a synthesis gas producing^raidjn a/second portion of the formation. 

4602. The method of claim 4574, further /comprising providing heat from three or more 
heat sources to at legist a portion of the formation, wherein three or more of the heat 
sources are located in the formation in ^unit of heat sources, and wherein the unit of heat 
sources comprises a triangular p&tternJ 



4603. The method of claim 4374, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4604. A method for in situ production of syndesis gas from a coal formation, 
comprising: 

providing heat from one or more hegt sources to at least a portion of the 
formation; 

5 allowing the heat to transfer fromlhe one or more heat sources to a selected 

section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within me selected section of the formation; 
producing pyrolysis products from the formation; 

heating at least a portjiem of thp^elected section to a temperature sufficient to 
10 generate synthesis gas; 

providing a synthesis gas gejfierajting fluid to at least the portion of the selected 
section to generate symhesis gas; a/id 

producing a nortion of the feynthlesis gas from the formation. 

15 4605. The method! pf claim 4604, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzep df least some/hydroparbons within the selected section of the 
formation. 



20 
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4606. Themetli 
the one or more 
permeability of 



d of claim 4604 
feat sources to the s 
e selected section. 



ft rther comprising allowing the heat to transfer from 
elected section to substantially uniformly increase a 



4607. The method of claim/4604, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy, 



4608. The method of claii i 
selected section when provid 
decrease within the selecte 



4604, further comprising heating at least the portion of the 
ing the synthesis gas generating fluid to inhibit temperature 
section during synthesis gas generation. 
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4609. The method of claim 4604, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 



10 



4610. The method of claim 4604, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow^ynthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein thebfeaters are configured to raise temperatures of the 
zones to temperatures sufficient to^gport reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizifig fhSid to thp zones substantially by diffusion; 

allowing the oxidiaMg fluid to reaaf with at least a portion of the hydrocarbon 
material within the zones to produce heat An the zones; and 

transferring heajr/rom tbie zones to the selected section. 



15 4611. The method off claim A604, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducingjkn oxidizing fluia into the formation through a wellbore; 
transporting the oxidizing fluid substantially be convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
20 to support an oxidization reaction with the oxidizing fluid; and 

reacting Jhe oxidizing fluifl within the portion of the selected section to generate 
heat and raise the temperature of/the portion. 

4612. The method of claim 4604, wherein the one or more heat sources comprise one or 
25 more electrical heaters disposed in the formation. 
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4613. The method of claim 4604, wherein one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit 
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4614. The method of claim 4604, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis ,gas generation and providing a 
synthesis gas generating fluid to at least the portion^)f the selected section comprises 
introducing steam into the portion. 
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4615. The method of claim 4604, further comprising controlling the heating of at least 
the portion of selected section and provision the synthesis gas generating fluid to 
maintain a temperature within at least th^pomiCTp of the selected section above the 
temperature sufficient to generate synthesis i*as. 

4616. The method of claim 46(34, further comprising: 
monitoring a composition of the produced synthesis gas; and 

controlling heating of at least the portion of selected section and provision of the 
synthesis gas generating fjpid to maintain the/composition of the produced synthesis gas 
within a desired range. 

4617. The method of $aim 4604, ^hereir^the synthesis gas generating fluid comprises 
liquid water. 



20 461 8. The method qf claim 460f , wherein the synthesis gas generating fluid comprises 
steam. 

4619. The method of claim 4^04, whirein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
25 dioxide from the selected section. 



4620. The method of claim fl-61 9, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



871 



Conley, Rose & Tayon, P C. 



4621 . The method of claim 4604, wherein the synthesis^as generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dipxide reacts with carbon in the 
formation to generate carbon monoxide. 

5 4622. The method of claim 462 1 , wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon aioxide removed from the formation. 



10 



4623 . The method of claim 4604, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected sectionjcomprises raising a water table of the 
formation to allow water to flow into the ameast the portion of the selected section. 
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4624. The method of claim 4604, wherein the/ synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increased H2 concentraticp within the produced synthesis gas. 

4625. The method of claim 4604, wherein/the synthesis gas generating fluid comprises 
water and hydrocarbons having capon numbers greater than 4, and wherein at least a 
portion of the hydrocarBorls^Q^ct within ai least the portion of the selected section to 
increase an energy content of the pr&dugep synthesis gas. 

4626. The method M claim 4004, further comprising maintaining a pressure within the 
formation during synthesis gai generation, and passing produced synthesis gas through a 
turbine to generate electricity/ 

4627. The method of claim 4604, further comprising generating electricity from the 
synthesis gas using a fuel dell. 



4628. The method of claim 4604, further comprising generating electricity from the 
30 synthesis gas using a fiial cell, separating carbon dioxide from a fluid exiting the fuel cell, 
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and storing a portion of the separated carbon dioxide withii^i spent section of the 
formation. 

4629. The method of claim 4604, further comprising ^fsing a portion of the synthesis gas 
5 as a combustion fuel for the one or more heat sources 



10 



4630. The method of claim 4604, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydroc^ripTrs^sing a Fischer-Tropsch synthesis 
process. 



463 1 . The method of claim 4604, further comprising/ converting at least a portion of the 
produced synthesis gas to methanol. 



4632. The method of clatfii ^604, further/comprisi/ig converting at least a portion of the 
15 produced synthesis gas to Msoline. 

4633. The method of claim 4604, further comprising converting at least a portion of the 
synthesis gas to methaqpsi§ing a catalytic methanation process. 



20 4634. The method ob claim 4604, fMhef^eoi^rising providing heat from three or more 
heat sources to at least a portion ofiche formation, wherein three or more of the heat 
sources are located w the formation in a un/t of heat sources, and wherein the unit of heat 
sources comprises ^triangular partem. 
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4635. The methoq of claim 4604, further comprising providing heat from three or more 
heat sources to at least a portiah of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4636. A method for in situ production of synthesi^gas from a coal formation, 
comprising: / 

heating a first portion of the formation to pyrolyze some hydrocarbons within the 
first portion; / 

allowing the heat to transfer fromo/e or more heat sources to a selected section 
of the formation, / I \ 

pyrolyzing hydrocarbons^withii^he selected section; 

producing fluid from tine first portion] wherein the fluid comprises an aqueous 
fluid and a hydrocarbon fluid; / / 

heating a second nfortion o/the formation to a temperature sufficient to allow 
synthesis gas generation / / 

introducing at /east a po/rtion of the aqueous fluid to the second section after the 
section reaches the temperature sufficient to allow synthesis gas generation; and 

producing synthesis gas from the formation. 

4637. The method of clapi 4^S^wfterein the temperature sufficient to allow synthesis 
gas generation raWges Mm approximately 400 °C to approximately 1200 °C. 

4638. The memod of claim 463 6 1 further comprising separating ammonia within the 
aqueous phase pom the aqueous phase prior to introduction of at least the portion of the 
aqueous fluid to they second sectipn. 

4639. The method of claim 4636, wherein a permeability of the second portion of the 
formation is substantially uniform and greater than about 100 millidarcy when the 
temperature sufficient to allow synthesis gas generation is achieved. 

4640. The method of claim 4636, further comprising heating the second portion of the 
formation during introduction of at least the portion of the aqueous fluid to the second 
section to inhibit temperature decrease in the second section due to synthesis gas 
generation. 
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4641 . The method of claim 4636, wherein heating the^econd portion of the formation 
comprises convecting an oxidizing fluid into a portion of the second portion that is above 
a temperature sufficient to support oxidation of carj/on within the portion with the 
oxidizing fluid, and reacting the oxidizing fluid vpth carbon in the portion to generate 
heat within the portion. 



10 



4642. The method of claim 4636, wherein Keating the second portion of the formation 
comprises diffusing an oxidizing fiuid/fo reaction zones adjacent to wellbores within the 
formation, oxidizing carbon withh/the reaction zones to generate heat, and transferring 
the heat to the second portio; 
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4643. The method of claim 4636, wherein/heating the second portion of the formation 
comprises heating the s^pnd section by transfer of heat from one or more electrical 
heaters. 

4644. The method of clamr-4636, wherein heating the second portion of the formation 
comprises heating tne second secticSti>with a flameless distributor combustor. 



4645. The method of claim 4636, vperein heating the second portion of the formation 
20 comprises injecting steam into at least the portion of the formation. 

4646. The method of claim 463 wherein at least a portion of the aqueous fluid 
comprises a liquid phase. 



25 4647. The method of claim 4636, wherein the aqueous fluid comprises a vapor phase. 

4648. The method of claim 4636, further comprising adding carbon dioxide to at least 
the portion of aqueous fluid to inhibit production of carbon dioxide from carbon within 
the formation. 
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4649. The method of claim 4648, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 

4650. The method of claim 4636, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portioni>f the aqueous fluid to increase a H2 
concentration within the produced synthesis gas. 



465 1 . The method of claim 4636, jalfther Comprising adding hydrocarbons with carbon 
numbers less than 5 to at least th£ portion of the aqueous fluid to increase a H 2 



10 concentration within the pro^uced^ynthesis 
from the produced fluid 



gas, wherein the hydrocarbons are obtained 



15 



4652. The method of claim 4©36, further/comprising adding hydrocarbons greater than 4 
to at least the portioqyof the aqueous fluicy to increase energy content of the produced 
synthesis gas. 



20 



4653. The method of claim 4636, nraher comprising adding hydrocarbons greater than 4 
to at least the portion of me aqueous fluid to increase energy content of the produced 
synthesis gas, wnerein me hydrocarbons are obtained from the produced fluid. 

4654. The method ofc claim 4636, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 



25 4655. The method of claim 4636, further comprising generating electricity from the 
synthesis gas us/ng a fuel cell. 
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4656. The method of claim 4636, further comprising generating electricity from the 
synthesis g^ using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion 6f the separated carbon dioxide within a spent portion of the 
formatioi/ 
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4657. The method of claim 4636, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources 



4658. The method of claim 4636, further composing converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 



4659. The method of claim 4636/furthej coi 
10 produced synthesis gas to methanol. 



prising converting at least a portion of the 
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4660. The method of claim 4636, further comprising converting at least a portion of the 
produced synthesis gas toygasolW. 

15 4661 . The method of (Maim 403 6, further comprising converting at least a portion of the 
synthesis gas to meth^eusifigs^atalyfic methanation process. 

4662. The method fif claim 463 6, further comprising providing heat from three or more 
heat sources to at lebst abortion of me formation, wherein three or more of the heat 
20 sources are located in tne formation in a unit of heat sources, and wherein the unit of heat 
sources comprise/ a triangular pattern. 



4663. The methoa of claim 4636, further comprising providing heat from three or more 
heat sources to atfleast a portion of the formation, wherein three or more of the heat 

25 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area df the formation to form a repetitive pattern of units. 

4664. A method for in situ production of synthesis gas from a coal formation, 
30 comprising: 
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heating a portion of the formation with one or more heat sources to create 
increased and substantially uniform permeability witmn a portion of the formation and to 
raise a temperature within the portion to a temperature sufficient to allow synthesis gas 
generation; 

providing a synthesis gas generating fluicVinto the portion through at least one 
injection wellbore to generate synthesis gas froip hydrocarbons and the synthesis gas 
generating fluid; and 

producing synthesis gas from at lpasts/me heat source wellbore in which is 



positioned proximate to a heat source'of the j 



: le or more heat sources. 



4665. The method of claim 4664, whereiri tHe temperature sufficient to allow synthesis 
gas generation is within a ranm from about 400° C to about 1200 °C. 



4666. The method of claim 4664, wherein creating a substantially uniform permeability 
15 comprises heating the poraon to a tenrperaiure within a range sufficient to pyrolyze 
hydrocarbons within the nortion, raising ttte temperature within the portion at a rate of 
less than about 5 °C per jq^y^RiTmg^rolf/zaXion and removing a portion of pyrolyzed 
fluid from the formatioij 

20 4667. The method of jfclaim 4664, furtfner comprising removing fluid from the formation 
through at least the one injectionf welljbore prior to heating the selected section to the 
temperature sufficient to allow synthesis gas generation. 

4668. The method of claim 4664, wherein the injection wellbore comprises a wellbore 
25 of a heat source in which is positioned a heat source of the one or more heat sources. 
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4669. The method of claimf 4664, further comprising heating the selected portion during 
providing the synthesis gas/generating fluid to inhibit temperature decrease in at least the 
portion of the selected section due to synthesis gas generation. 
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4670. The method of claim 4664, further comprising providing a portion of the heat 
needed to raise the temperature sufficient to allow Synthesis gas generation by convecting 
an oxidizing fluid to hydrocarbons within the selected section to oxidize a portion of the 
hydrocarbons and generate heat. 



10 
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4671 . The method of claim 4664, further comprising controlling the heating of the 
selected section and provision of the syndesis gas generating fluid to maintain a 
temperature within the selected section abpve the temperature sufficient to generate 
synthesis gas. 

4672. The method of claim 4664, furtfier composing: 
monitoring a compaction of tile produced synthesis gas; and 
controlling heatingiof the selected section and provision of the synthesis gas 

generating fluid to maintop the composition yf the produced synthesis gas within a 
desired range. 



■ 4673. The method ofjfc^aim 466jl, whereijftfe synthesis gas generating fluid comprises 
liquid water. 

20 4674. The method claim 4p64, wherein the synthesis gas generating fluid comprises 
steam. 

4675. The method of claim/4664, wherein the synthesis gas generating fluid comprises 
steam to heat the selected section and to generate synthesis gas. 

25 

4676. The method of claipi 4664, wherein the synthesis gas generating fluid comprises 
water and carbon dioxideJ 

4677. The method of claim 4676, wherein a portion of the carbon dioxide comprises 
30 carbon dioxide removedlfrom the formation. 
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4678. The method of claim 4664, wherein the syn/hesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbjJn dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

5 4679. The method of claim 4678, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation./ 



10 



4680. The method of claim 4664, wherein providing the synthesis gas generating fluid 



to the selected section comprises rising ^ water tj 
enter the selected section. 



>le of the formation to allow water to 
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4681. The method of claim A664, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons haying carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration within ine produced synthesis gas. 



4682. The method of/claim 4664, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons/having^4^ numbers greater than 4, and wherein at least a 
portion of the hydroaarbons reaat within/the^elected section to increase an energy 
20 content of the produced synthesis gas. 



25 



4683. The method 
formation during sy 
turbine to generate 



:>f claim 4/564, fujfther comprising maintaining a pressure within the 
hesis gdfc geneijktion, and passing produced synthesis gas through a 
ectricit 



4684. The method of claim|4664, further comprising generating electricity from the 
synthesis gas using a fuel cell. 



4685. The method of claim 4664, further comprising generating electricity from the 
30 synthesis gas using a fuel Jell, separating carbon dioxide from a fluid exiting the fuel cell, 
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and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 

4686. The method of claim 4664, further comprising using a portion of the synthesis gas 
5 as a combustion fuel for heating the formatior 



10 



4687. The method of claim 4664, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydfe6^rbons using a Fischer-Tropsch synthesis 
process. 

4688. The method of claim 4664/furthp conprising converting at least a portion of the 
produced synthesis gas to methanol. 



4689. The method of claim W664, further comprising converting at least a portion of the 
15 produced synthesis gas to gasoline. 



4690. The method of claim 4664, rarther comprising converting at least a portion of the 



synthesis gas to methane 



catfelytic methanation process. 



20 4691. The method of cl 
wellbore is maintained a 
synthesis gas having a r; 



4664,/wherein a temperature of at least the one heat source 
temperature j)f less than approximately 700 °C to produce a 
io of H2|to carbon monoxide of greater than about 2. 



4692. The method of claim 4664, wherein a temperature of at least the one heat source 
25 wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of fek to carbon monoxide of less than about 2. 



4693. The method of claim 4664, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
30 gas having a ratio of H2 to carbon monoxide of approximately 2. 
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4694. The method of claim 4664, wherein a heat Source of the one or more heat sources 
comprises an electrical heater. 

4695. The method of claim 4664, wherein a h£at source of the one or more heat sources 
5 comprises a natural distributor heater. 
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4696. The method of claim 4664, wherein a heat source of the one or more heat sources 
comprises a flameless distributor com^ustar (FDC) heater, and wherein fluids are 
produced from the wellbore of the J?DC heater through a conduit positioned within the 
wellbore. 



15 



4697. The method of claim W64, furtner comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation ir/a unit pf heat sources, and wherein the unit of heat 
sources comprises a triangular patter 



4698. The method of clkirh 4664, 



arising providing heat from three or more 



^ heat sources to at least a portion of the formation, wherein three or more of the heat 

£ sources are located in tl le/formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a tri mgular pattern, alnd wherein a plurality of the units are repeated 

^ over an area of the forr ration to form af repetitive pattern of units. 

4699. A method of treating a cokl formation in situ, comprising: 

providing heat from one pr more heat sources to at least a portion of the 
25 formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion of hydrocarbon material within the selected section of the formation; 

producing pyrolysis products from the formation; 
30 heating a first portion off a formation with one or more heat sources to a 

temperature sufficient to allow generation of synthesis gas; 
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providing a first synthesis gas generatingyfluid to the first portion to generate a 
first synthesis gas; 

removing a portion of the first synthesis gas from the formation; 

heating a second portion of a formation with one more heat sources to a 
temperature sufficient to allow generation of synthesis gas having a H2 to CO ratio 
greater than a H2 to CO ratio of the first synthesis gas; 

providing a second synthesis gas generating component to the second portion to 
generate a second synthesis gas; 

removing a portion of the^econfl syhthesis gas from the formation; and 

blending a portion of the first syntta sis gas with a portion of the second synthesis 



gas to produce a blended synmesis gas havi 



ig a selected H2 to CO ratio. 
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4700. The method of claim 4699, wherein the one or more heat sources comprise at 
least two heat sources, a$d whereim superposition of heat from at least the two heat 
sources pyrolyzes at le^ some hydrocaipons within the selected section of the 
formation. 

4701 . The method of /claim 46P9, wfierein the first synthesis gas generating fluid and 
second synthesis gasl generating fluid /are the same component. 



4702. The method 



f claim 4699, farther comprising controlling the temperature in the 



first portion to control a composition of the first synthesis gas. 



4703. The method of claim 4699, further comprising controlling the temperature in the 
25 second portion to control a composition of the second synthesis gas. 

4704. The method of claim 4699, wherein the selected ratio is controlled to be 
approximately 2: 1 H2 to C<p. 



30 4705. The method of claim 4699, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H2to CO. 
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4706. The method of claim 4699, wherein the se/ected ratio is controlled to be 
approximately 3:1 Hbto CO. 

5 4707. The method of claim 4699, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 M 2 to CO. 

4708. The method of claim 4699, firfier jtompming providing at least a portion of the 
produced blended synthesis gas to/ condensable qydrocarbon synthesis process to 

10 produce condensable hydrocarbons. 

4709. The method of claimr 4708, wherein the condensable hydrocarbon synthesis 
process comprises a Fisclrer-Tropsch process. 

15 471 0. The method of cljuin4709, nirther comprising cracking at least a portion of the 
condensable hydrocarbons to fonniratriddle distillates. 

471 1 . The method off claim 469$, further comprising providing at least a portion of the 
produced blended syqthesis gas /o a catalytip methanation process to produce methane. 

20 

4712. The method of claim 4699, further/comprising providing at least a portion of the 
produced blended synthesis gas to a methanol-synthesis process to produce methanol. 

4713. The method of claim/4699, further comprising providing at least a portion of the 
25 produced blended synthesis /gas to a gasoline-synthesis process to produce gasoline. 



30 



4714. The method of claim 4699, wherein removing a portion of the second synthesis 
gas comprises withdrawing second synthesis gas through a production well, wherein a 
temperature of the production well adjacent to a second syntheses gas production zone is 
maintained at a substantially constant temperature configured to produce second 
synthesis gas having thalii to CO ratio greater the first synthesis gas. 
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4715. The method of claim 4699, wherein the first synthesis gas producing fluid 
comprises CO2 and wherein the temperature of the first portion is at a temperature that 
will result in conversion of CO2 and carbon from the first portion to CO to generate a CO 
rich first synthesis gas. / 

4716. The method of claim 4699, wh^eiiythe secbnd synthesis gas producing fluid 
comprises water and hydrocarbons/naving carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons reactAvithin the formation to increase a H 2 
concentration within the proouced second synthesis gas. 

4717. The method of claim 4699, Wherein blending a portion of the first synthesis gas 
with a portion of the secpTd-s^hesis gas comprises producing an intermediate mixture 
having a H2 to CO mixture of less/tli&n4he selected ratio, and subjecting the intermediate 



mixture to a shift reaction to reduce an amoujfitN^f CO and increase an amount of H2 to 
produce the selectecyratio of H 2 lo CO. / 

4718. The method of claim 4o99, further comprising removing an excess of first 
synthesis gas from the first portion to have an excess of CO, subjecting the first synthesis 
gas to a shift reaction to reduce an amount of CO and increase an amount of H2 before 
blending the first synthesis/gas with the second synthesis gas. 

4719. The method of claim 4699, further comprising removing the first synthesis gas 
from the formation under pressure, and passing removed first synthesis gas through a 
turbine to generate electricity. 

4720. The method of claim 4699, further comprising removing the second synthesis gas 
from the formation under pressure, and passing removed second synthesis gas through a 
turbine to generate/electricity. 
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472 1 . The method of claim 4699, further comprising generating electricity from the 
blended synthesis gas using a fuel cell. 



4722. The method of claim 4699, further comprising generating electricity from the 

5 blended synthesis gas using a fuel cell, separating/carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated Cyarbon dioxide within a spent portion of 
the formation. 

4723. The method of claim 4699, furtlprcomprising using at least a portion of the 
1 0 blended synthesis gas as a combustion fuel flbr heating the formation. 
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4724. The method of claim 4699, further comprising allowing the heat to transfer from 
the one or more heat sources £o the selected sectjfon to substantially uniformly increase a 
permeability of the select^ section. 

4725. The method of cfeim4699, farther comprising controlling heat transfer from the 
one or more heat sources to produc^a^peqne^ability within the selected section of greater 
than about 100 millidarcy. 

4726. The method of claim 4699, further comprising heating at least the portion of the 
selected section whan providing the syntnesis gas generating fluid to inhibit temperature 
decrease within the selected sdction during synthesis gas generation. 



4727. The method of claim/4699, wherein the temperature sufficient to allow synthesis 
25 gas generation is within a range from approximately 400 °C to approximately 1200 °C. 



30 



4728. The method of claim 4699, wherein heating the first a portion of the selected 
section to a temperature Sufficient to allow synthesis gas generation comprises: 

heating zones adfecent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
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zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; / 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in me zones; and 
transferring heat from the zones to the selected section. 

4729. The method of claim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 



heating zones adjacent to wellbpres of one or more heat sources with heaters 
disposed in the wellbores, wherein ma heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluids/ / / 

introducing the oxidizing fluid to the zones substantially by diffusion; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in me zones; and 
transferring heat from tme zones to the seledted section. 

4730. The method oyclaim 4S99r^ierem^heating the first portion of the selected 
section to a temperature sufficient to allc^v synthesis gas generation comprises: 

introducing /a|h oxidizing fluid into the formation through a wellbore; 

transporting/the oxidising fluid/substantially by convection into the first portion 
of the selected secfton, wheilein the fiyst portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the first portion of the selected section to 
generate heat and raise the/ temperature of the first portion. 

473 1 . The method of claim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 
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transporting the oxidizing fluid substantially/by convection into the second 
portion of the selected section, wherein the secondmortion of the selected section is at a 
temperature sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the seaond portion of the selected section to 
generate heat and raise the temperature of the second portion. 



4732. The method of claim 4699, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 



10 4733. The method of claim 4699, wher^in'tEe^ne or more heat sources comprises one 
or more natural distributor combustoj^ 



15 



4734. The method of claim /k$9, wherein the <Jne or more heat sources comprise one or 
more heater wells, wherein $/least one heater well comprises a conduit disposed within 
the formation, and further ^omprisin^ heating jfhe conduit by flowing a hot fluid through 
the conduit. 



20 



4735. The method of ^/amr4695,/wherein heating the first portion of the selected 
section to a temperatu^ sufficient/ to alloWsynthesis gas generation and providing a first 
synthesis gas generating fluid to the first portion of the selected section comprises 
introducing steam injp the first portion. 



25 



4736. The method of claim 4699, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
second synthesis gas generating fluid to the second portion of the selected section 
comprises introducing steam/ into the second portion. 



30 



4737. The method of claim 4699, further comprising controlling the heating of the first 
portion of selected section and provision of the first synthesis gas generating fluid to 
maintain a temperature within the first portion of the selected section above the 
temperature sufficient to generate synthesis gas. 
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4738. The method of claim 4699, further comprising controlling the heating of the 
second portion of selected section and provision of the second synthesis gas generating 
fluid to maintain a temperature within the Second portion of the selected section above 
the temperature sufficient to generate synthesis gas. 



4739. The method of claim 4699, wherein Ae-fct synthesis gas generating fluid 
comprises liquid water. ' ' * 



10 4740. The method of claim 469^, yherein the secpnd synthesis gas generating fluid 
comprises liquid water. 
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4741. The method of #a}m 469</> wherein the /irst synthesis gas generating fluid 
comprises steam. 

4742. The method of claim'4^99, wherein j/he second synthesis gas generating fluid 
comprises steam. 



4743. The methotf of claim ft699, wherein the first synthesis gas generating fluid 

20 comprises water a|id carbon iaioxide, wbferein the carbon dioxide inhibits production of 
carbon dioxide from the selected section. 

4744. The method of claim 4743, Wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 

25 formation. 
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4745. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises water and carpon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the! selected section. 
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4746. The method of claim 4745, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprise^carbon dioxide removed from the 
formation. 

5 4747. The method of claim 4699, wherein the first synthesis gas generating fluid 

comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. 

4748. The method of claim 4747, wherein a pokion of the carbon dioxide within the 
10 first synthesis gas generating flui^coqftprises caqbon dioxide removed from the 
formation. 
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4749. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises carbon dioxide and wherein a port/on of the carbon dioxide reacts with carbon 
in the formation to generate carbop monoxid^ 

4750. The method of/clainr^T^^herein/a portion of the carbon dioxide within the 
second synthesis gas J^eneratin^ fluid comprises carbon dioxide removed from the 
formation. 

475 1 . The method/of claim 4699, whei/ein providing the first synthesis gas generating 
fluid to the first portion of the selected section comprises raising a water table of the 
formation to allow water to flow into me first portion of the selected section. 



25 4752. The method of claim 4699, wherein providing the second synthesis gas generating 
fluid to the second portion/of the selected section comprises raising a water table of the 
formation to allow water to flow into the second portion of the selected section. 



4753. The method of cliim 4699, wherein the first synthesis gas generating fluid 
30 comprises water and hyqrocarbons having carbon numbers less than 5, and wherein at 
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least a portion of the hydrocarbons are subjected to ^reaction within the first portion of 
the selected section to increase a H 2 concentration *vithin the produced first synthesis gas. 

4754. The method of claim 4699, wherein the/second synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons are subjected to a reaction within the second portion 
of the selected section to increase a H 2 concentration within the produced second 
synthesis gas. /] \ 

4755. The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises water and hydrocarbons having ca/bon numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within the first portion of the selected section to 
increase an energy content of the produced first synthesis gas. 

4756. The method o/ claim/4699, whe/ein the second synthesis gas generating fluid 
comprises water an JiTydro^arbons haying carbon numbers greater than 4, and wherein at 
least a portion of ink hydrocarbbnsg^ct within at least the second portion of the selected 
section to increasepn energy content of the second produced synthesis gas. 

4757. The metMod of claim 4699, further comprising maintaining a pressure within the 
formation during synthesis g/s generation, and passing produced blended synthesis gas 
through a turbine ta generate electricity. 

4758. The method of claim 4699, further comprising generating electricity from the 
blended synthesis gas using a fuel cell. 

4759. The method of claim 4699, further comprising generating electricity from the 
blended synmesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, amd storing a portion of the separated carbon dioxide within a spent section of 
the formation. 
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4760. The method of claim 4699, further comprising usirig a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 

4761. The method of claim 4699, further comprising using a portion of the first 
synthesis gas as a combustion fuel for the one or more heat sources. 

4762. The method of claim 4699, further comprising using a portion of the second 
synthesis gas as a combustion fuel for the orie or more heat sources. 

4763. The method of claim 4699, furtjap comprising using a portion of the blended 
synthesis gas as a combustion fuel for me one or more heat sources. 

4764. A method of treating /coal formation iiy situ, comprising: 
providing heat from/one or more heat sources to at least a portion of the 

formation; / / I 

allowing the heat to transfer from tlWone or more heat sources to a selected 
section of the formation suclythat the heat firom the one or more heat sources pyrolyzes at 
least some of the hrarocarhpnsl^^^ section of the formation; 

producin^pyrolysis products from the^fermation; 

heating aMeast a portion of the ^elected section to a temperature sufficient to 
generate synthesis gas; / / 

contr<^Iing a temperature of aft least a portion of the selected section to generate 
synthesis gas having/a selected H2 to CO ratio; 

providing ayfeynthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formation. 



4765. The method of claim 4764, wherein the one or more heat sources comprise at 
least two heart; sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formatior 
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4766. The method of claim 4764, wherein the selected ratio is controlled to be 
approximately 2:1 H 2 to CO. 

5 4767. The method of claim 4764, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H 2 to CO. 

4768. The method of claim 4764, wherein thf selected ratio is controlled to be 
approximately 3:1 H 2 to CO. 

10 

4769. The method of claim 4764, whereinffhe selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3^4 H 2 to CO/ 

4770. The method of claim 4764y/further comprising providing at least a portion of the 
15 produced synthesis gas to a condensable hydrocarbon synthesis process to produce 

condensable hydrocarbons. 

4771 . The method of claim 4770, wherein th^r condensable hydrocarbon synthesis 
process comprises a Fisch^r-Tropsclj process/ 

20 

4772. The method of c/^im 47TT^ErfKeT]tempiising cracking at least a portion of the 
condensable hydrocarbons to fonrf middled distillates. 

4773. The method of claim 476ft, further comprising providing at least a portion of the 
25 produced synthesis gas to a cat^ytic methanation process to produce methane. 

4774. The method of claim 4764, further comprising providing at least a portion of the 
produced synthesis gas to a mjethanol-synthesis process to produce methanol. 



30 4775. The method of clairry4764, further comprising providing at least a portion of the 
produced synthesis gas to a/gasoline-synthesis process to produce gasoline. 
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4776. The method of claim 4764, further comp/ising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 

5 

4777. The method of claim 4764, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. 

10 4778. The method of claim 4764, fiirtHer coAiprising heating at least the portion of the 
selected section when providing the sjphes/s gas generating fluid to inhibit temperature 
decrease within the selected Iseotion d^ingYsynthesis gas generation. 

4779. The method of claiffl 4764, ^herein the temperature sufficient to allow synthesis 
15 gas generation is within a range from approximately 400 °C to approximately 1200 °C. 



20 



25 



4780. The method of afoim 4764, wfterein heating at least the portion of the selected 
section to a temperature sulEfcknt tof allow synthesis gas generation comprises: 

heating zones aiijacent to wetibores of one or more heat sources with heaters 



disposed in the wellb 
zones to temperature; 



es, wherein/the heaters are configured to raise temperatures of the 
sufficie/it tq support reaction of hydrocarbon material within the 
zones with an oxidizfag fluic 

introducing the oxidising fluid to the zones substantially by diffusion; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones tp produce heat in the zones; and 

transferring heat from the zones to the selected section. 



30 



478 1 . The method of claim 4764, wherein heating at least the portion of the selected 
section to a temperature /sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 
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transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of theyselected section is at a temperature sufficient 
to support an oxidization reaction with thflf oxidizing fluid; and 

reacting the oxidizing fluid withm the portion of the selected section to generate 
5 heat and raise the temperature of the portion. 

4782. The method of claim 4764, wherein the one or more heat sources comprise one or 
more electrical heaters disposed it^he formation. 

10 4783. The method of claiin 4y64, wherein the one or more heat sources comprises one 
or more natural distributor combustors) 
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4784. The meth/)d/of clairfi 4764, ^herein the one or more heat sources comprise one or 
more heater wetfs( wherein at leasy one heater well comprises a conduit disposed within 

15 the formation, fifid further compi/sing heating the conduit by flowing a hot fluid through 
the conduit. 

4785. Theniethed^ftfclaim A764, wherein heating at least the portion of the selected 
section to d temperature sufficient to allow synthesis gas generation and providing a 

20 synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing stearm into the portion. 

4786. The method of qiaim 4764, further comprising controlling the heating of at least 
the portion of/selected section and provision of the synthesis gas generating fluid to 

25 maintain a temperature within at least the portion of the selected section above the 
temperature/ sufficient to generate synthesis gas. 



4787. THe method of claim 4764, wherein the synthesis gas generating fluid comprises 
liquid water. 



30 
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4788. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
steam. 

4789. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 
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4790. The method of claim 4789, wherein af portion of the carbon dioxide within the 
synthesis gas generating fluid comprises ca/bon diopdde removed from the formation. 

10 

4791 . The method of claim/f'764, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion ofE the cartyon dioxide reacts with carbon in the 
formation to generate carbon monoxic 

1 5 4792. The method m claim 479 1 , wherein abortion of the carbon dioxide within the 
synthesis gas generating fluid comprises carpon dioxide removed from the formation. 

4793. The metttod of claim 476 ^, wh ereffi providing the synthesis gas generating fluid 
to at least the ppytion oFthe selected section comprises raising a water table of the 

20 formation to all©w water to flow into tne at least the portion of the selected section. 

4794. The method of claim 4764, wjfierein the synthesis gas generating fluid comprises 
water and hydrocarbons havpg carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons/are subjected to a reaction within at least the portion of the 

25 selected section to increase/a H2 concentration within the produced synthesis gas. 
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4795. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons Raving carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 
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4796. The method of claim 4764, further compris/ng maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

5 4797. The method of claim 4764, further comprising generating electricity from the 
synthesis gas using a fuel cell. 



10 



4798. The method of claim 4764, furthefr^mprisirife generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated /arbon dioxid^f within a spent section of the 
formation. 
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4799. The method oycla^m 4764/ further comprising using a portion of the synthesis gas 
as a combustion fueyfoi/the one yor more heat sources. 

4800. A method entreating ^coal formation in situ, comprising: 
providing jieat from yn e or mo re h^at sources to at least a portion of the 

formation; 

allowing the heat t6 transfer froih the one or more heat sources to a selected 
section of the formation such that the neat from the one or more heat sources pyrolyzes at 
least some hwirocarbons within the /elected section of the formation; 

producing pyrmysis products from the formation; 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis aas; 

controlling A temperature in or proximate to a synthesis gas production well to 
generate synthesis gas having a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing synthesis gas from the formation. 



30 
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4801 . The method of claim 4800, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of neat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

5 

4802. The method of claim 4800, wherein deselected ratio is controlled to be 
approximately 2:1 H2to CO. 

4803. The method of claim 4800, wh£red\ the selected ratio is controlled to range from 
10 approximately 1 .8: 1 to approximately 2.2: 1 H2 to C( 
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4804. The method of clgSn>4800, wjfterein the se/ected ratio is controlled to be 
approximately 3:1 f^to/ 

15 4805. The method of claim 4800, wherein tMe selected ratio is controlled to range from 
approximately 2.8: /to approximately 3.2:lAl2to CO. 

4806. The metEod of claim A800, further comprising providing at least a portion of the 
produced synthesis gas to ^/condensabjle hydrocarbon synthesis process to produce 

20 condensable hydrocarbons 

4807. Thepiethod of claim 4806, wherein the condensable hydrocarbon synthesis 
process comprises a Mscher-Tropsch process. 



25 4808. The method of claim 4807, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4809. The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 
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48 1 0. The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 



481 1. The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesi/ process to produce gasoline. 

48 1 2. The method of claim 4800, further compjismg allowing the heat to transfer from 
the one or more heat sources to the selectpdsection t© substantially uniformly increase a 
permeability of the selected section.// / 

4813. The method of claim 4800, further comprising controlling heat transfer from the 
one or more heat sources /o/produce a permeability within the selected section of greater 
than about 100 millidardy: / / 

48 1 4. The method of claim 4800, further comprising heating at least the portion of the 
selected section whin providing the synthesis gas generating fluid to inhibit temperature 
decrease within thp selectedysection_dkir^g synthesis gas generation. 

4815. The method of claim 4800, wherein the temperature sufficient to allow synthesis 
gas generationfis within a range from approximately 400 °C to approximately 1200 °C. 

4816. The method ov claim 4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material withm the zones to produce heat in the zones; and 
transferring neat from the zones to the selected section. 
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4817. The method of claim 4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within me portion of the selected section to generate 
heat and raise the temperature of the port* 

4818. The method of claim f&OQ, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation.] 



4819. The method of claim 4800,/wherein th^r one or more heat sources comprises one 
1 5 or more natural distribwor combustors. 

4820. The methodyOTclaim 4800, whereiA the one or more heat sources comprise one or 
more heater wells, wherein at /least one heater well comprises a conduit disposed within 
the formation, an^ further comprising ^eating the conduit by flowing a hot fluid through 

20 the conduit. 

4821. The method of claim 4800yAvherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 

25 introducing steam into the portion. 
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4822. The method of claim 4800, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 



Conley, Rose & Tayon, P.C. 



4823. The method of claim 4800, wherein the syntheses gas generating fluid comprises 
liquid water. 

4824. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
5 steam. 

4825. The method of claim 4800, wherein tjie synthesis gas generating fluid comprises 
water and carbon dioxide. 

10 4826. The method of claim 4825, whec^irfa portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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4827. The method ofy&aim 4800, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a ponion of the caryon dioxide reacts with carbon in the 
15 formation to generate carbon monoxide. 



4828. The methopyof claim 4827, wherein apportion of the carbon dioxide within the 
synthesis gas generating fluia compri.ses'^feonliioxide removed from the formation. 

20 4829. The mgraiod of claip 4800, wherein providing the synthesis gas generating fluid 
to at least the t/ortion of the selected section comprises raising a water table of the 
formation to allow water to flow into tMe at least the portion of the selected section. 



4830. The method oy claim 4800, wherein the synthesis gas generating fluid comprises 
25 water and hydrocarbons having carbon numbers less than 5, and wherein at least a 

portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 

483 1 . The method of claim 4800, wherein the synthesis gas generating fluid comp/ises 

/ ; 
30 water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
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portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced syntheses gas. 

4832. The method of claim 4800, further comprising maintaining a pressure within the 
formation during synthesis gas generation, andypassing produced synthesis gas through a 
turbine to generate electricity. 

4833. The method of claim 4800, further^comprising generating electricity from the 
synthesis gas using a fuel cell. 

4834. The method of cl^im 4800, further comprising generating electricity from the 
synthesis gas using/a fifel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portip^i of the separated carbon d/oxide within a spent section of the 
formation. 

4835. The mepod of claim 48,00, further comprising using a portion of the synthesis gas 
as a combusticm fuel for the ope or more neat sources. 



4836. A rpejthod of treating a coal formation in situ, comprising 
20 prcMdittgitgat froyn one or mor^ heat sources to at least a portion of the 

formation 

all living the heat to transfer finbm the one or more heat sources to a selected 
section of tpe formation such that the heat from the one or more heat sources pyrolyzes at 
least somejfof the hydrocarbons within the selected section of the formation; 
25 producing pvrolysis product from the formation; 

heating at ^east a portion of/the selected section to a temperature sufficient to 
generate syntheses gas; 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a H 2 to CO ratio different than a selected H2 to CO ratio; 
30 providing a synthesis gas generating fluid to at least the portion of the selected 

section to generate synthesis gas; and 
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producing synthesis gas from the formation; 

providing at least a portion of the produced synthesis gas to a shift process 
wherein an amount of carbon monoxide is converted to carbon dioxide; 

separating at least a portion of the oarbon dioxide to obtain a gas having a selected 
H 2 to CO ratio. 



10 



4837. The method of claim 4836, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydpacarbons wilhin the selected section of the 
formation. 
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4838. The metaod of claim 4^36, wherein the /elected ratio is controlled to be 
approximately^ :1 Hi to CO. 



15 4839. The/method of claim 4836, wherein tfie selected ratio is controlled to range from 
approximately 1.8:1 to 2.2:1 H 2 to CO. 



20 



4840. fyhe method of £laim-483(^ wherein the selected ratio is controlled to be 
approximately 3:1 H2>to CO. 

484/. The methoa of claim 4836, wherein the selected ratio is controlled to range from 
approximately 2.8U to 3.2:1 Hbto 1 



4842. The memod of claim 4836, further comprising providing at least a portion of the 
25 produced synthesis gas to a condensable hydrocarbon synthesis process to produce 

condensable hydrocarbons. 

4843. The method of claim 4842, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 



30 
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4844. The method of claim 4843, further comprising ^racking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4845. The method of claim 4836, further comprising providing at least a portion of the 
5 produced synthesis gas to a catalytic methanation process to produce methane. 

4846. The method of claim 4836, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthes^s-process to produce methanol. 

10 4847. The method of claim 4836 >/ further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 
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4848. The method 6f claim 4836, fuizher comp/ising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the/selected sectior 

4849. The mejftiod of claim 483y6, further (Comprising controlling heat transfer from the 
one or more lzeat sources to prqfluce a permeability within the selected section of greater 
than about M)0 millidarcy. 

4850. Tjie method of clairtf 4836, fWther comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section/during synthesis gas generation. 



25 485 1 . The method oyclaim 4836, wherein the temperature sufficient to allow synthesis 
gas generation is witMin a range from approximately 400 °C to approximately 1200 °C. 
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4852. The method! of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in theAvellbores, wherein the heaters are configured to raise temperatures of the 
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zones to temperatures sufficient to support reactioi/of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zoAes substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 
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4853. The method of claim 4836yWher^in heating at least the portion of the selected 

gas generation comprises: 
ion through a wellbore; 



section to a temperature sufficient to allow synthesis 
introducing an oxidi^ng fluid /nto the formal 



transporting the^pxidizing flufd substantially by convection into the portion of the 
selected section, wherein the portiop of the selected section is at a temperature sufficient 
to support an oxidization reactioiywith the oxidizing fluid; and 

reacting me oxidizing fluid within the portion of the selected section to generate 
1 5 heat and raise the temperature of the portion. 



4854. The method of claim 4836, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in thejhrmation, 

20 4855. TWe method of claim 4836, whereii/ the one or more heat sources comprises one 
or moref natural distributor combustors. 

4856. /The method oyclaim 4836, wherein the one or more heat sources comprise one or 
more neater wells, wherein at least one hpter well comprises a conduit disposed within 
25 the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 
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4857. The method of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 
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4858. The method of claim 4836, further comprising/iontrolling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion o/ the selected section above the 

5 temperature sufficient to generate synthesis gas. 

4859. The method of claim 4836, wherein th^r synthesis gas generating fluid comprises 
liquid water. 

10 4860. The method of claim 4836/wherejn the synthesis gas generating fluid comprises 
steam. 
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4861 . The method of^iaim 4836, wrferein the sjpthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 

15 dioxide from the selected section. 

4862. The metfcipd of claim 4801 , whefem-a^ortion of the carbon dioxide.within the 
synthesis gas g&ierating JJuM^omprises cartton dioxide removed from the formation. 

20 4863. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of/he carbon dioxide reacts with carbon in the 
formation to generate caipon monoxidej 



4864. Tne method oyclaim 4863, wherein a portion of the carbon dioxide within the 
25 synthesis gas generanng fluid comprises carbon dioxide removed from the formation. 

4865. The methdu of claim 4836, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to alrow water to flow into the at least the portion of the selected section. 
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4866. The method of claim 4836, wherein the/synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected \a a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 

4867. The method of claim 4$&b, whe/ein\he synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react witnin at least the portion of the selected section to 
increase an energy /Content of the produced synthesis gas. 

4868. The method of claim 483y6, further comprising maintaining a pressure within the 
formation dumng synthesis gas generation/ and passing produced synthesis gas through a 
turbine to ^ge/ierate electricity .y 

4869. th£ method of clairri 4836, furrier comprising generating electricity from the 
synthesis /gas using a fuel cell. 

he method of claim 4836, further comprising generating electricity from the 
is gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
bring a portion ^f the separated carbon dioxide within a spent section of the 
formation. 
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4871 . The method of claim 4836, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4872. A methpd of forming a spent portion of formation within a coal formation, 
comprising: 

heatMg a first portion of the formation to pyrolyze hydrocarbons within the first 
portion ancyto establish a substantially uniform permeability within the first portion; and 
copling the first portion. 



Conley, Rose & Tayon, P.C 



4873. The method of claim 4872, wherein heatirig the first portion comprises 
transferring heat to the first portion from one or more electrical heaters. 

4874. The method of claim 4872, wherein heating the first portion comprises 

5 transferring heat to the first portion from one or more natural distributor combustors. 

4875. The method of claim 4872, wherein heating the first portion comprises 
transferring heat to the first portion from one or more flameless distributor combustors. 
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10 4876. The method of claim 4872<^vfrerein heatjng the first portion comprises 

transferring heat to tfie first portion from heat transfer fluid flowing within one or more 
wellbores within the formation. 

4877. The m^hopof claim 48/6, whereinyihe heat transfer fluid comprises steam. 

15 

4878. TheAnethod of claim ^876, wherein the heat transfer fluid comprises combustion 
products ^fym a burner. 

4879. /Fh&stetfibd of cl^im 4872, \)ftierein heating the first portion comprises 
20 transferring heat to the first portioiVfrom at least two heater wells positioned within the 

forawtion, wherein the at least two heater wells are placed in a substantially regular 
pattern, wherein the substantially regular pattern comprises repetition of a base heater 
unit and wherein the base heater unit is formed of a number of heater wells. 



25 4880. The metMod of claim 4879, wherein a spacing between a pair of adjacent heater 
wells is within A range from about 6 m to about 1 5 m. 

4881 . The method of claim 4879, further comprising removing fluid from the formation 
through one or more production wells. 
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4882. The method of claim 4881, wherein the one oi?4nore production wells are located 
in a pattern, and wherein the one or more producti^ wells are positioned substantially at 
centers of base heater units. 

5 4883. The method of claim 4879, wherein the heater unit comprises three heater wells 
positioned substantially at apexes of an equilateral triangle. 

4884. The method of claim 4879, wherein the heater unit comprises four heater wells 
positioned substantially at apexes of a /ectangle. 

10 

4885. The method of claim 4879, wherein the heater unit comprises five heater wells 
positioned substantially at apexe^f a regular pentagon. 

4886. The method of chum 4819, wherein the heater unit comprises six heater wells 
15 positioned substantially at apexes of a regular hexagon. 

* 4887. The method iof claim 4872, fujWier comprising introducing water to the first 
portion to cool the formation? 

20 4888. The m^thpd of claiip 4872j|uilher comprising removing steam from the 
formation. 

4889. The method of claim 4888, further comprising using a portion of the removed 
steam to heat a second portion oi the formation. 



25 



4890. The method of (jflaim 4872, further comprising removing pyrolyzation products 
from the formation. 



4891 . The method on claim 4872, further comprising generating synthesis gas within the 
30 portion by introducing a synthesis gas generating fluid into the portion, and removing 
synthesis gas from thfe formation. 
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4892. The method of claim 4872, further comprising heating a second section of the 
formation to pyrolyze hydrocarbons within the second pdrtion, removing pyrolyzation 
fluid from the second portion, and storing a portion of tpe removed pyrolyzation fluid 
within the first portion. 



4893. The method of claim 4892, wherein the portion of the removed pyrolyzation fluid 
is stored within the first portion when surface facijities-that process the removed 



pyrolyzation fluid are not able to process the^onion of th< 



removed pyrolyzation fluid. 



4894. The method of claim 4892, farther comprising heating the first portion to 
facilitate removal of the stored pyrolyzation fluid from thfe first portion. 



4895. The method of cIainV4872, further/comprising generating synthesis gas within a 
second portion of the formation, removing synthesis gas from the second portion, and 
storing a portion of the removed synthesis gas within the first portion. 

4896. The method of claim 4895, wMerein the portion of the removed synthesis gas from 
the second portion are stored withy^ihei^ surface facilities that process 
the removed synthb^-gSs^re not aple to process tip portion of the removed synthesis 
gas. 

4897. The me/hod of claim 48f/5, further comprising heating the first portion to 
facilitate removal of the stored synthesis gas from the first portion. 

4898. The method of claim 4872, further comprising removing at least a portion of 
carbon containing material im the first portion. 



4899. The method of clairfi 4898, further comprising using at least a portion of the 
carbon containing materia/ removed from the formation in a metallurgical application. 
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4900. The method of claim 4899, wherein the metallurgical application comprises steel 
manufacturing. 

490 1 . A method of sequestering carbon dioxide within a coal formation, comprising: 
5 heating a portion of the formation to increase permeability and form a 

substantially uniform permeability within the portion; 
allowing the portion to cool; and / 
storing carbon dioxide within the portion. 

10 4902. The method of claim 4901 , wherein /he permeability of the portion is increased to 
over 100 millidarcy. 



4903. The method of claim 4901/lurther comprising raising a water level within the 

)n dioxic 



15 



portion to inhibit migration of the carbon dioxide frofn the portion. 

4904. The method of W^rr^Ol , furiier comprisiX heating the portion to release 
carbon dioxide, and removing carbon/dioxide fromfthe portion. 



4905. The method of claim 4901 , further comprising pyrolyzing hydrocarbons within 
20 the portion during luting of the p^rtioru-aftd-re^^ pyrolyzation product from the 

formation. 

4906. The method of claim 4901, further comprising producing synthesis gas from the 
portion during the heating of the portion, arid removing synthesis gas from the formation. 

25 

4907. The method of claim 4^901 , wherein heating the portion comprises: 
heating hydrocarbon material adjacent to one or more wellbores to a temperature 

sufficient to support oxidation of the hydrocarbon material with an oxidizing fluid; 

introducing the oxidizing fluid to hydrocarbon material adjacent to the one or 
30 more wellbores to oxidize Hydrocarbons and produce heat; and 
conveying produced heat to the portion. 



911 



Conley, Rose & Tayon, P C. 



4908. The method of claim 4907, wherein heating hydrocarbon material adjacent to the 
one or more wells, comprises electrically heating the hydrocarbon material. 

5 4909. The method of claim 4907, wherein the temperature sufficient to support 
oxidation is in a range between approximately 200°C to approximately 1200 °C. 

491 0. The method of claim 490 1 , wherein heating the portion comprises circulating heat 
transfer fluid through one or more heaxing wefts within the formation. 



10 
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491 1 . The method of claim ^91 0, yherein the Jieat transfer fluid comprises combustion 
products from a burner. 

4912. The method of claim 4910, wherein the heat transfer fluid comprises steam. 



491 3 . The methpd of claim 4^0 1 , further obmprising removing fluid from the formation 
during heating jfc the formation, and combpling_a portion of the removed fluid to 
generate heat to heat the form£ +: 



20 4914. The method of claim 490 1 , further comprising using at least a portion of the 
carbon dioxide for hydrocarbon bed derrjethanation prior to storing the carbon dioxide 
within the m>rtion. 



4915. The method of claim 4901, further comprising using a portion of the carbon 

25 dioxide for enhanced oil/recovery prior to storing the carbon dioxide within the portion. 

4916. The method of claim 4901, wherein at least a portion of the carbon dioxide 
comprises carbon dioWide generated in a fuel cell. 



30 491 7. The method off claim 490 1 , wherein at least a portion of the carbon dioxide 
comprises carbon diixide formed as a combustion product. 
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4918. The method of claim 490 1 , further comprising allowing the portion to cool by 
introducing water to the portion; and removing the water from the formation as steam. 

5 4919. The method of claim 49 1 8, further comprising using the steam as a heat transfer 
fluid to heat a second portion of the formation/ 
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4920. The method of claim 4901, wherein storing carbon dioxide in the portion 
comprises adsorbing carbon dioxide to c^raon containing material within the formation. 

4921 . The method of claim 4901, wherein storing carbon dioxide comprises passing a 
first fluid stream comprising/ftie carbon/dioxide and other fluid through the portion; 
adsorbing carbon dioxiae/Onto carbon containing material within the formation; and 
removing a second fluiei stream from me formation, wherein a concentration of the other 
fluid in the second fluid stream is greater thanf concentration of other fluid in the first 
stream due to the alienee of the adsorbed capon dioxide in the second stream. 

4922. The met#</d of claim 490 y, ^hefein/an amount of carbon dioxide stored within 
the portion is ediial to or gjpat^r than an amount of carbon dioxide generated within the 
portion and re^oX^eJfrom the formation cluing heating of the portion. 

4923. The method of claim 4^01, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 



4924. The method of claim 4901, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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4925. A method of in situ sequestration of carbon d/oxide within a coal formation in 
situ, comprising: 

providing heat from one or more heat sources to at least a first portion of the 
formation; 

allowing the heat to transfer from one or /nore sources to a selected section of the 
formation such that the heat from the one or more heat sources pyrolyzes at least some 
hydrocarbons within the selected section of the formation; 

producing pyrolyzation fluids, whereiji the pyrolyzation fluids comprise carbon 
dioxide; and 

storing an amount of carbon dicpdci^ in the formation, wherein the amount of 
stored carbon dioxide is equal to or ^eatey than anj amount of carbon dioxide within the 
pyrolyzation fluids. 



15 



25 



4926. The method of claim 4925, whyein the one or more heat sources comprise at 
least two heat sources, wherein superposition of heat from at least the two heat 
sources pyrolyzes at le^t some hydrocarbons v/ithin the selected section of the 
formation. 



20 4927. The method/6f claim 49^5rfvherein th< ; 
portion of the formatio 



4928. The method of claim 4923, wherein a portion of the carbon dioxide stored within 



the formation is farbon dioxide separated fro: 



carbon dioxide is stored within a spent 



the pyrolyzation fluids. 



4929. The method of claim 4925, further comprising separating a portion of carbon 
dioxide from the pyrolyzation/fluids, and using the carbon dioxide as a flooding agent in 
enhanced oil recovery. 



30 4930. The method of claim 4925, further comprising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using the carbon dioxide as a synthesis gas 
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generating fluid for the generation of synthesis gas from a section of the formation that is 
heated to a temperature sufficient to generate synthe/is gas upon introduction of the 
synthesis gas generating fluid. 

5 493 1 . The method of claim 4925, further comp/ising separating a portion of carbon 
dioxide from the pyrolyzation fluids, and using/the carbon dioxide to displace 
hydrocarbon bed methane. 

4932. The method of claim 493 1 , wherpif^the hydrocarbon bed is a deep hydrocarbon 
10 bed located over 760 m below groupa sur/ace. 

4933. The method of claim ^93 1 , further comprising adsorbing a portion of the carbon 
dioxide within the hydricafbon bed. 

15 4934. The method otfclaim 4925, further comprising using at least a portion of the 
pyrolyzation fluids as a feed stream for a fuel cell/ 

4935. The methyl of claim 49^4, wherejnjhe-^el-eell generates carbon dioxide, and 
further comprisi^ storing^aa-^ of carbon/dioxide equal to or greater than an 
20 amount of carbon dioxide generated by the fuel cell within the formation. 



25 



4936. The method of claim/4925, wherein a spent portion of the formation comprises 
carbon containing material within a section of the formation that has been heated and 
from which hydrocarbons nave been produced, and wherein the spent portion of the 
formation is at a temperature at which carbon dioxide adsorbs onto the carbon containing 
material. 



30 



4937. The method of tflaim 4925, further comprising raising a water level within the 
spent portion to inhibit migration of the carbon dioxide from the portion. 
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4938. The method of claim 4925, wherein /producing fluids from the formation 
comprises removing pyrolyzation products from the formation. 

4939. The method of claim 4925, wherein producing fluids from the formation 

5 comprises heating the selected section to a temperature sufficient to generate synthesis 
gas; introducing a synthesis gas generating fluid into the selected section; and removing 
synthesis gas from the formation. 

4940. The method of claim 4^,/wherein the temperature sufficient to generate 
10 synthesis gas ranges from aikmt 400 °C to Aout 1200 °C. 



15 
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494 1 . The metho i of/claim 4939, wherein heating the selected section comprises 
introducing an oxidising fluid into the selected section, reacting the oxidizing fluid within 
the selected section to heat the selected se ;tion. 



4942. The mejnod of claim/4939, wherein heating the selected section comprises: 

heating hydrocarbon material adjace nt to on e or more wellbores to a temperature 
sufficient to $pport oxidarfon^WigTiydr ^carbon material with an oxidant; 

introfluciafr4he*5rfdant to hydrocarbon material adjacent to the one or more 
wellbores tdj oxidize hydrocarbons and produce heat; and 
conveying produced heat to the portion. 



25 



4943. Th| method of dairn 4925, wherein the spent portion of the formation comprises 
a substantially uniformipermeability created by heating the spent formation and removing 
fluid during formation/of the spent portion. 



4944. The method op claim 4925, wherein the one or more heat sources comprise 
electrical heaters. 



30 4945. The method/of claim 4925, wherein the one or more heat sources comprise 
flameless distributor combustors. 
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4946. The method of claim 4945, wherein a portion of fuel for the one or more 




flameless distributor combustors is obtained from the formation. 



5 4947. The method of claim 4925, wherein/fhe one or more heat sources comprise heater 
wells in the formation through which heat/ transfer fluid is circulated. 



10 



4948. The method of claim 4947, whferein thereat transfer fluid comprises combustion 

products. / 

I 

4949. The method of claim 494y7, wherein the heat transfer fluid comprises steam. 



4950. The method of claim 4925, whe/ein condensable hydrocarbons are produced 
under pressure, and further comprising generating electricity by passing a portion of the 
1 5 produced fluids through a turbine. 



20 



495 1 . Th# method of claim 



arther comprising providing heat from three or more 



heat sourcfes to at lepsroportionM the formation, wherein three or more of the heat 
sourcesj^Je^ated in the fonryition in a unit of heat sources, and wherein the unit of heat 
sources comprises a' triangular pattern. 



25 



4952./ The method of claijri 4925, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an are^of the formation to form a repetitive pattern of units. 



30 



4953. A method for in situ production of energy from a coal formation, comprising: 

roviding heat from one or more heat sources to at least a portion of the 
formation; 
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allowing the heat to transfer from the one ©r more heat sources to a selected 
section of the formation such that the heat from tne one or more heat sources pyrolyzes at 
least a portion of hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 

providing at least a portion of the pyrdysis products to a reformer to generate 
synthesis gas; J 

producing the synthesis gas from the reformer; 

providing at least a portion of the produced synthesis gas to a fuel cell to produce 

/ 

electricity, wherein the fuel cell produces a carbon dioxide containing exit stream; and 
storing at least a portion of the cirbon dioxide in the carbon dioxide containing 
exit stream in a subsurface formation. 



15 



4954. The method of claim 49^>^wherein thevone or more heat sources comprise at 
least two heat sources, and wjierein superposition of heat from at least the two heat 
sources pyrolyzes at lpast^ome hydrocarbons vfithin the selected section of the 
formation. 



20 



4955. The methodpf claim 495j5, wherein ay least a portion of the pyrolysis products are 
used as fuel in therrieformer. 

4956. The mejfocp of claim 4p3, whereiiphe synthesis gas comprises carbon dioxide 
and H2. 



4957. Thenftet 
25 the formation 



claim/4953, wherein the subsurface formation is a spent portion of 



4958. The imemiod of claim 4953, wherein the subsurface formation is an oil reservoir. 



4959. The method of claim 4958, wherein at least a portion of the carbon dioxide is used 
30 as a drive fluid for enhairced oil recovery in the oil reservoir. 



918 



Conley, Rose & Tayon, P.C. 



o 
ffl 

■F 

■ m 
w 

a 
=p 
ru 

-p 
a 



4960. The method of claim 4953, wherein the/subsurface formation is a second coal 
formation. 

4961 . The method of claim 4960, wherejo the second coal formation is located greater 
5 than about 760 m below ground^urface/ 



4962. The method of claim 4960, Wherein 



at least a portion of the carbon dioxide is used 



to produce methane/from the second coal flbrmation. 

10 4963. The method of claim 4962, furthdr comprising sequestering at least a portion of 
the carbon djjoxide within theysecond coil formation. 

4964. Tj46 method of claiAJ£537whjbein the reformer produces a reformer carbon 
dioxide Containing exit s^eam. 

15 

4965. /The method ofyclaim 4963, further comprising storing at least a portion of the 
carbon dioxide in the/reformer carbpn dioxide containing exit stream in the subsurface 
formation. 

20 4966. The method of claim 4965, wherein the subsurface formation is a spent portion of 
the formation. 

4967. The method of claim 4965, wherein the subsurface formation is an oil reservoir. 

25 4968. The method of claim 4967, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used as a drive fluid for enhanced oil 
recovery in the oil reservoir. 



4969. The method of claim 4965, wherein the subsurface formation is a second coal 
30 formation. 
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4970. The method of claim 4868, wherein at least a py&rtion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is usga to produce methane from the 
second coal formation. 

5 4971 . The method of claim 4970, further comprising sequestering at least a portion of 
the carbon dioxide in the reformer carbon dioxide containing exit stream within the 
second coal formation. 

4972. The method of claim 4969, wWein/he secorjd coal formation is located greater 
10 than about 760 m below ground surface. 
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4973. The method of claimW953, wherein the fudl cell is a molten carbonate fuel cell. 

4974. The method of clapn 4953, wnerein the fuel cell is a solid oxide fuel cell. 

4975. The method of qmtn>A253r^^h&r^o^pnsmg using a portion of the produced 
electricity to power Metrical heaters within /he formation. 



4976. The method/of claim 4953, furtherJcomprising using a portion of the produced 
20 pyrolysis products as a feed stream for the fuel cell. 

4977. The method of claim A953, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in tne>rormation. 



25 4978. The method of claim 4953, wherein the one or more heat sources comprise one or 
more flameless distributor combustors disposed in the formation. 

4979. The method of 4laim 4978, wherein a portion of fuel for the flameless distributor 
combustors is obtained from the formation. 
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4980. The method of claim 4953, wherein the one/or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



498 1 . The method of claim 4953, further comprising using a portion of the synthesis gas 



as a combustion fuel for the one or more j 



rces. 



4982. A method for producing^ammonia using a Jcoal formation, comprising: 
10 separating air to prodvfce an O2 rich stream and a N2 rich stream; 

heating a selected$ection of the formatiafi to a temperature sufficient to support 
reaction of hydrocarttoi/material in the formation to form synthesis gas; 

providing synthesis gas generating flui</ and at least a portion of the 0 2 rich 
stream to the selected section; 
15 allowing tWe synthesis gas /generating/fluid and O2 in the O2 rich stream to react 

with at least a p^ipon of the hydrocarbon material in the formation to generate synthesis 
-gas; 

produaygs^orthesie-g^ the formation, wherein the synthesis gas comprises 
H 2 and CO; 

20 proving at least a portion of th^ H 2 in the synthesis gas to an ammonia synthesis 

process; 

providing N2 to the afmmonia synthesis process; and 
using the ammonia synthesis process to generate ammonia. 

25 4983 . The method of claftn 4982, wherein the ratio of the H 2 to N 2 provided to the 
ammonia synthesis process is approximately 3:1. 



30 



4984. The method of claim 4982, wherein the ratio of the H 2 to N 2 provided to the 
ammonia synthesis process ranges from approximately 2.8:1 to approximately 3.2:1. 
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4985. The method of claim 4982, wherein the temperature sufficient to support reaction 
of hydrocarbon material in the formation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 

5 4986. The method of claim 4982, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least A portion of the synthesis gas. 



10 



4987. The method of claim 4986, wherein^Kg carbonydioxide is separated from the 
synthesis gas by an amine separator. 

4988. The method of claim 498/, further comprising/providing at least a portion of the 
carbon dioxide to a urea synthesis process tro produce/urea. 



4989. The method of claftn 4982, wherein at least/a portion of the N2 stream is used to 
15 condense hydrocarbons Mth 4 or more carbon atoms from a pyrolyzation fluid. 



4990. The method of claim 4982, whkretifat lqlast a portion of the N2 rich stream is 
provided to the ammprua^yntnesis process. 



20 4991. The method 



)j claim 4982, Avherein tne air is separated by cryogenic distillation. 



4992. The method of claim 4982, wherein the air is separated by membrane separation. 

4993. The method of claim 49&2, wherein fluids produced during pyrolysis of a coal 
25 formation comprise ammonia and, further comprising adding at least a portion of such 

ammonia to the ammonia generated from the ammonia synthesis process. 



30 



4994. The method of clairry4982, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating, 
and, further comprising adping at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 
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4995. The method of claim 4982, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

4996. The method of claim 4982, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the upea"synthesis process. 
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4997. The method of claim 49^further composing providing at least a portion of the 
10 ammonia to a urea syn|iesisprocep to produc^ftirea and, further comprising shifting at 
least a portion of the carbon monoxide to carbon dioxide in a shift process, and further 
comprising providing/aj/least a portion of the/carbon dioxide from the shift process to the 
urea synthesis proces! 



15 4998. The methcwd of claim 4982, whereftn heating the selected section of the formation 
to a temperaturoNto suppo# reaction of hydrocarbon material in the formation to form 
synthesis gas comprises:/ 

heatinsLZQnfis-WrScent to weLfbores of one or more heat sources with heaters 
disposed in titfe wellbcfres, wherein me heaters are configured to raise temperatures of the 
20 zones to temperatures sufficient to/support reaction of hydrocarbon material within the 
zones with O2 in the O2 rich stream; 

introducing the O2 to the zones substantially by diffusion; 
allowing^ in the O2 rich stream to react with at least a portion of the 
hydrocarbon material within the zones to produce heat in the zones; and 
25 transferring heat from the zones to the selected section. 



4999. Thfe method of claim 4998, wherein temperatures sufficient to support reaction of 
hydrocayoon within the zones with O2 range from approximately 200 °C to approximately 
1200 °<' 



30 
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5000. The method of claim 4998, wherein the one or morp heat sources comprises one 
or more electrical heaters disposed in the formation. 

5001 . The method of claim 4998, wherein the one or ^riore heat sources comprises one 
5 or more natural distributor combustors. 
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5002. The method of claim 4998, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heate^K^~cb*nprises a conduit disposed within 
the formation, and further comprising healing th£ condbit by flowing a hot fluid through 
the conduit. 



5003. The method of claim 4998, further comprising using a portion of the synthesis gas 
as a combustion fuel for the cme or more heat sources. 

15 5004. The method of claim 4982, wherein heating the selected section of the formation 
to a temperature to suppfcry reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: 

introducing tha Gf 2 rich stream ihto the/formation through a wellbore; 
transporting Oh Xn the O2 rich stream substantially by convection into the portion 
20 of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidizationyreaction/with O2 in the O2 rich stream; and 

reacting the O2 within the portion of the selected section to generate heat and raise 
the temperature of the portion. 

25 5005. The method of claim 5Q05, wherein the temperature sufficient to support an 
oxidization reaction with 0 2 ranges from approximately 200 °C to approximately 1200 
°C. 



5006. The method of claim 5005, wherein the one or more heat sources comprises one 
30 or more electrical heaters disposed in the formation. 
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5007. The method of claim 5005, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 



5008. The method of claim 5005, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heatipg the conduit by flowing a hot fluid through 
the conduit. 

5009. The method of claim 5005/furth6r comprising using a portion of the synthesis gas 
10 as a combustion fuel for the on^or more heat sources. 



5010. The method of /claim 4982, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperatwe within at least the portion of the selected section above the 
15 temperature sufficient to generate synthesis gas. 



501 1 . The methpp of claim 49^2, wherein t^e synthesis gas generating fluid comprises 
liquid water. 

20 5012. The method of claim 4^82, whereii/ the synthesis gas generating fluid comprises 
steam. 

5013. The method of clairW4982, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide wnerein the carbon dioxide inhibits production of carbon 
25 dioxide from the selected section. 



5014. The method of claim 5013, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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5015. The method of claim 4982, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon/dioxide reacts with carbon in the 
formation to generate carbon monoxide. / 

5016. The method of claim 501 5, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

5017. The method of claim 4982, wherei^pffoviliing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

5018. A method for producing ammonia using a coal formation, comprising: 
generating a first/ammonia feed stream pom a first portion of the formation; 
generating a second ammonia feed stream from a second portion of the formation, 

wherein the second ammonia feed stream has a H2 to N2 ratio greater than a H2 to N2 ratio 
of the first ammonia feed stream; / 

blending A least a portion of the first ammonia feed stream with at least a portion 
of the second airftmonia feed OTeamJo-praduce a blended ammonia feed stream having a 
selected H2 to m ratio^*^j^^ I 

providing the blended ammoniaffeed stream to an ammonia synthesis process; and 

using jpe ammonia synthesis process to generate ammonia. 

5019. The method of qlaim 501 8, herein the selected ratio is approximately 3:1. 

5020. The method 01 claim 5018, wherein the selected ratio ranges from approximately 
2.8:1 to approximately 3.2:1. 



502 1 . The methoot of claim 5018, further comprising separating at least a portion of 
carbon dioxide in/the first ammonia feed stream from at least a portion of the first 
ammonia feed stream. 
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5022. The method of claim 5021, wherein the carbon dioxide is separated from the first 
ammonia feed stream by an amine separator. 

5023. The method of claim 5022, further comprising providing at least a portion of the 
5 carbon dioxide to a urea synthesis process. 



10 



5024. The method of claim 5018, further comprising separating at least a portion of 
carbon dioxide in the blended ammonia fepQ-*sfre3m from at least a portion of the blended 
ammonia feed stream. 

5025. The method of claim 5024, wherein the carbon dioxide is separated from the 
blended ammonia feed stream by an amine separator. 



5026. The method off claim 5025, further comprising providing at least a portion of the 
15 carbon dioxide to a urea synthesis process 

~ 5027. The methoa/of claim 501 8,/further comprising separating at least a portion of 
carbon dioxide in/me second amnpnia feed stream from at least a portion of the second 
ammonia feed stream. 



20 



5028. The mefllod of claim 50p, wherein the carbon dioxide is separated from the 
second ammoqSa feed stream by an amine separator. 



5029. The method of claim 5028, further comprising providing at least a portion of the 
25 carbon dioxide to a urea synthesis process. 



30 



5030. The method of claim 50 1 8, wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and, further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 
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503 1 . The method of claim 501 8, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating, 
and further comprising adding at least a portion pf such ammonia to the ammonia 
generated from the ammonia synthesis process./ 

5 / 

5032. The method of claim 501 8, furthep<^mprising providing at least a portion of the 
ammonia to a urea synthesis process/to produce unea. 

5033. The method of claim 501 8, further comprising providing at least a portion of the 
10 ammonia to a urea synthesis process to produce urea and, further comprising providing 

carbon dioxide from the formation to tjie urea synthesis process. 

5034. The method of claim 501 8, jfyirther comprising providing at least a portion of the 
ammonia to a urea s#ithesis proces^ to produce urea and further comprising shifting at 

15 least a portion of cafcbon monoxide in the Mended ammonia feed stream to carbon dioxide 
in a shift process, amd further comprising providing at least a portion of the carbon 
dioxide from the shift processjpihelireaisynthesis process. 



5035. A method!/ for producing ammorwa using a coal formation, comprising: 
20 heating a/selected section of the formation to a temperature sufficient to support 

reaction of hydrocarbon material in the formation to form synthesis gas; 

providing a synthesis/gas generating fluid and an O2 rich stream to the selected 

section, wherein the amountfof N2 in the O2 rich stream is sufficient to generate synthesis 

gas having a selected ratio ©f H2 to N2; 
25 allowing the synthesis gas generating fluid and O2 in the O2 rich stream to react 

with at least a portion of the hydrocarbon material in the formation to generate synthesis 

gas having a selected ratio of H2 to N2; 

producing the synthesis gas from the formation; 

providing at leap a portion of the H2 and N2 in the synthesis gas to an ammonia 
30 synthesis process; 

using the amnfonia synthesis process to generate ammonia. 
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5036. The method of claim 5035, further comprising controlling a temperature of at 
least a portion of the selected section to generate synthesis gas having the selected H2 to 
N2 ratio. 

5037. The method of claim 5035, wherein th^sel^cted ratio is approximately 3:1. 

5038. The method of claim 5035, Wnerein the selected ratio ranges from approximately 
2.8:1 to 3.2:1. 

5039. The method of daijn 5035, wherein the temperature sufficient to support reaction 
of hydrocarbon material/in the formation to formysynthesis gas ranges from 
approximately 400 °Q/to approximately 1200 °( 

5040. The method/of claim 5035/wherein tj/e O2 stream and N2 stream are obtained by 
cryogenic separation of air. 

504 1 . The meftibd gt claim 50^5rwlieit^ii the~Q 2 stream and N 2 stream are obtained by 
membrane separation of air. 

5042. The method of claim £5035, furaher comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

5043. The method of claim 5042, wherein the carbon dioxide is separated from the 
synthesis gas by an amine separator. 



5044. The method of ilaim 5043, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 
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5045. The method of claim 5035, wherein fluids produofed during pyrolysis of a coal 
formation comprise ammonia and, further comprising a/dding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 

5 5046. The method of claim 5035, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating, 
and further comprising adding at least a portion pf such ammonia to the ammonia 
generated from the ammonia synthesis proces 

1 0 5047. The method of claim 503 5 Jftrther comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 



15 



5048. The method of dlai^n 5035, further/comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and/further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 



5049. The method /)flclaim 5035, further comprising providing at least a portion of the 
ammonia to a urea ^yithesis process tb produce urea and further comprising shifting at 
least a portion of c^Hon monoxide ii/ the synthesis gis to carbon dioxide in a shift 



20 process, and furth 



a temperature to s 



;r Comprising providing at least a portion of the carbon dioxide from 



the shift process tD the urea^ntheps process. 



5050. The method/ of claim 5033, wherein heating a selected section of the formation to 



ipport reaction of hydrocarbon material in the formation to form 



25 synthesis gas comprises: 

heating zones adjacent lib wellbores of one ©r more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with O2 in the O2 rich stream; 

30 introducing the O2 to the zones substantially by diffusion; 
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allowing O2 in the O2 rich stream to reacy with at least a portion of the 
hydrocarbon material within the zones to produce heat in the zones; and 
transferring heat from the zones to the/selected section. 

5 505 1 . The method of claim 5050, wherein temperatures sufficient to support reaction of 
hydrocarbon material within the zonesjadm O2 range from approximately 200 °C to 
approximately 1200 °C. 

5052. The method of claim 5050, wt/erein/the one or more heat sources comprises one 
10 or more electrical heaters disposed in the formation. 
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5053. The method/of claim 5050/ whe/ein the one or more heat sources comprises one 
or more natura/distributor combi 



5054. The/ 
more heat^ 
the form3 
the cone 



/ 

fthod 



5050, 



of claim 

wherein at least/one 



and fur 



rpnsing 



herein the one or more heat sources comprise one or 
heater well comprises a conduit disposed within 
heating thecon3uit by flowing a hot fluid through 



20 5055. /The method of claim 5050, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5056. The method of claim 5035, wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
25 synthesis gas comprises^ 

introducing the ©2 rich stream into the formation through a wellbore; 
transporting O2 in the O2 rich stream substantially by convection into the portion 
of the selected sectionJwherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 
30 reacting the Qh within the portion of the selected section to generate heat and raise 

the temperature of me portion. 
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5057. The method of claim 5056, wherein the temperature sufficient to support an 
oxidization reaction with O2 ranges from approximately 200 °C to approximately 1200 
°C. 



5058. The method of claim 505-6, wherein the 
or more electrical heaters disposed in the form? 



one or more heat sources comprises one 
ition. 



5059. The method ojplaim 5056, wherein tjie one or more heat sources comprises one 
10 or more natural distrroutor combustors. 
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5060. The metfio/fci of claim 5056, whereih the one or more heat sources comprise one or 
more heater v^l/s, wherein at least one treaterwetteomprises a conduit disposed within 
the formatiorf, And further Comprising hpating the conduit by flowing a hot fluid through 

15 the conduit.! 

5061 . The method oyclaim 5056, further comprising using a portion of the synthesis gas 
as a combustion fueMbr the one or more heat sources. 

20 5062. The method of claim 5035, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 



25 5063. The method of claim 5035, wherein the synthesis gas generating fluid comprises 
liquid water. 

5064./The method of claim 5035, wherein the synthesis gas generating fluid comprises 
stea 
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5065. The method of claim 5035, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. / 



5066. The method of claim 5065ytfherein a pbrtion of the carbon dioxide within the 
synthesis gas generating fluid emprises/carbon dioxide removed from the formation. 

5067. The method of daim 5035, Wherein tMe synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of th§f carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

5068. The mdrnod of claim 5067, whe/ein a portion of the carbon dioxide within the 
synthesis gas^enerating flu^a compris/s carbon dioxide removed from the formation. 

5069. Th#*HethtftToF claim 5035,^hereinproviding the synthesis gas generating fluid 
to at leastfthe portion ofrhe selected section comprises raising a water table of the 
formation to allow wal£r to flow/into the at least the portion of the selected section. 

5070. A method foi producing ammonia using a coal formation, comprising: 
providing zf first stream comprising N2 and carbon dioxide to the formation; 
allowing ft least a portion of the carbon dioxide in the first stream to adsorb in the 

formation; 

producjfag a second stream from the formation, wherein the second stream 
comprises a l^wer percentage of carbon dioxide than the first stream; 

ping at least a portion of the N2 in the second stream to an ammonia 
synthesis ofocess. 



5071 . The method of claim 5070, wherein the second stream comprises H2 from the 
formation. 
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5072. The method of claim 5070, wherein the first stream is produced from the coal 
formation. 

5073. The method of claim 5072, wherein the first strean/ is generated by reacting a 
5 oxidizing fluid with hydrocarbon material in the formatic 

5074. The method of claim 5070, wherein the second/ stream comprises H2 from the 
formation and, further comprising providing such H2/0 the ammonia synthesis process. 



10 5075. The method of claim 5070, further^Gdmprisjing using th 
process to generate ammonia. 



15 



ammonia synthesis 



5076. The method of ( 
formation comprise an 
ammonia to the amine 



{aim 5Q75, wherein fluids produced during pyrolysis of a coal 
k and, further comprising adding/at least a portion of such 
generated from the ammonia synthesis process. 



20 



5077. The method of claim 5075, wherein fluids produced during pyrolysis of a coal 
formation are hydrdcreated and at least some ammonia isroroduced during hydrotreating, 



and further comprising adding at least a portion of such j 
generated from tni ammonia synthesis process. 



lonia to the ammonia 



5078. The metlfbd of claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis process p produce urea 

25 5079. The method of claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5080. The method of claim 50#5, further comprising providing at least a portion of the 
30 ammonia to a urea synthesis pyocess to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
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process, and further comprising providing at least $ portion of the carbon dioxide from 
the shift process to the urea synthesis process. 



10 



5081 . A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeabiljty of less than about 10 millidarcy, 
comprising: 

providing heat from one or more hesft sources to the formation; 

allowing the heat to transfer fropa-tRecJhe or more heat sources to a selected 
section of the formation such thaU*£at from the Hfeat sources pyrolyzes at least some 
hydrocarbons within the selecj^d section^ and wherein heat from the heat sources 
increases the permeabiliry off at least a portion of /the selected section; and 

producing a milmrc comprising hydroca/bons from the formation. 



5082. The method jk claim 508 1, wherein thefone or more heat sources comprise at 
15 least two heat soui££s, and wherein superposition of heat from at least the two heat 
sources pyrolyze/^t least some hydrocarbons within the selected section of the 
formation, and ^n^ktTsxi^^^Q^i heat/ from at least the two heat sources increases 
the permeability of at least the portion of the selected section. 

20 5083 . The method of claim 508 1 , further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation wherein the thermal fractures substantially increase the 
permeability of the selected section. 

25 5084. The method of claiAi 508 1 , wherein the heat is provided such that an average 

temperature in the selecte^ section ranges from approximately about 270 °C to about 400 
°C. 



5085. The method of claim 5081, wherein at least one of the one or more heat sources 
30 comprises an electrical neater located in the formation. 
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5086. The method of claim 5081, wherein at l^ast one of the one or more heat sources is 
located in a heater well, and wherein at least cme of the heater wells comprises a conduit 
located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. 



10 



20 



25 



5087. The method of claim 5081 , wja^fein at^ast some of the heat sources are arranged 
in a triangular pattern. 

5088. The method of clain?^508 1 , fiirther comprising: 
monitoring a conjposition of the produced mixture; and 



controlling a 
composition of the p: 



5089. The method 
1 5 proximate to a IogL 



3rj 



ssure in atyleast a portipn of the formation to control the 
duced mixture. 



i>f claim 5088, wherein pe pressure is controlled by a valve 
on where Uie mixture is produced. 



5090. Themetl 
proximate to the 
location where 



od of claim 5088, wherep the pressure is controlled such that pressure 
ope or mora heat sourcep is greater than a pressure proximate to a 
fluid is produced. 



30 



5091 . A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has arj average permeability of less than about 10 millidarcy, 
comprising: 

providing heat frdm one or more heat sources to the formation; 

allowing the heal/ to transfer from the one or more heat sources to a selected 
section of the formation/such that heat from the one or more heat sources pyrolyzes at 
least some hydrocarbons within the selected section, and wherein heat from the one or 
more heat sources vapqrizes at least a portion of the hydrocarbons in the selected section; 
and 

producing a mixture comprising hydrocarbons from the formation. 
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5092. The method of claim 5091, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources vaporizes 
at least the portion of the hydrocarbons in the selected section. 



10 



5093. The method of claim 5091, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation, wWein the thermal fractures substantially increase the 
permeability of the seleptecrsection. 



15 



5094. The method ojuelaim 5091 , wherein the heat is provided such that an average 
temperature in the sheeted section yanges frory approximately about 270 °C to about 400 
°C. 

5095. The mettfofd of claim 509^1 , whereii^at least one of the one or more heat sources 
comprises an eleCTncal heater lpcafefHfi^tae formation. 



5096. The mfclfhod of claim 5091 , wherjein at least one of the one or more heat sources is 
20 located in a hfc&ter well, ancy wherein atAeast one of the heater wells comprises a conduit 

located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit, j 

5097. The method of cjaim 5091, wherein at least some of the heat sources are arranged 
25 in a triangular pattern. 
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5098. The method of claim 5091 , further comprising: 

monitoring 4 composition of the produced mixture; and 
controlling a presspe in at least a portion of the formation to control the composition of 
the produced mix/ure. 
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5099. The method of claim 5098, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 
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5100. The method of claim 5098, wherein the/pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the mixture is produced^ 

5101. A method for treating hydrocarbons in at 1 sast a portion of a coal formation, 
wherein the portion has /an ^verage permeability qff less than about 10 millidarcy, 
comprising: 

providing heat M-om one or m6re heat soiirces to the formation, wherein at least 
one of the one or more heat sources As located in a heater well; 

allowing the neat to transfer from the one or more heat sources to a selected 
section of the formation such that/neat from the heat sources pyrolyzes at least some 
hydrocarbons wychin the selectecy section, ancy wherein heat from the heat sources 
pressurizes at lefast/a portion of /h& ^ lmteH -Action- and 

producing k mixture cofnprising hydrocarbons from the formation, wherein the 
mixture is profluc/ed from one/or more of tlje heater sources. 



5102. Themje 
least two heat 



od of claim? 5101, wherein the one or more heat sources comprise at 
ources, and iwherein superposition of heat from at least the two heat 
sources pyrolyzes at least jSome hydrocarbons within the selected section of the 
formation. 



25 5103. The method of claim 5101, further comprising producing fluid from at least one 
of the one or more heat/sources. 
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5 1 04. The method off claim 5101, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected section. 
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5105. The method of claim 5101, wherein theyfieat is provided such that an average 
temperature in the selected section ranges fromjy^oximately about 270 °C to about 400 
°C. 



5 1 06. The method of claim Sit) 1 , wherein at least one 
comprises an electrical heater located in the formation, 



of the one or more heat sources 



5107. The method^t claim 5101, yherein at least ohe of the one or more heat sources is 
located in a heater ywell, and wherein at least one oflthe heater wells comprises a conduit 
located in the formation, and furtlj^r comprising heating the conduit by flowing a hot 
fluid through thle conduit. 



5108. The method of claim 5A01, w herein at fe ast some of the heat sources are arranged 
in a triang 

5 1 09. method of clainfi 5101, further comprising: 
!>nitoring a composition of the produced mixture; and 

introlling a pressure in at least q portion of the formation to control the 
composition of the produced mixture. 

5110. The method of dlaim 5 1 09, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 



5111. The method of claim 5 1 09, wherein the pressure is controlled such that pressure 
proximate to the onaor more heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 
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Low Heat Zone and Pyrolysis Zone / 

5112. A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy, 
comprising: / 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from the one or more heat sources to a selected first 
section of the formation such that hQatfrpriCti^hb^X sources creates a pyrolysis zone 
wherein at least some hydrocarbons aire pyrolyzed tyithin the first selected section, and 



allowing the heat to transfer frorn^he one or more I 
10 section of the formation such/hat/heat from the hej 



hydrocarbons within the se&cted/second section t(j a temperature less than the average 
temperature within the pyrolysis/zone; and 

producing a ip^xture comprising hydrocai/bons from the formation. 



eat sources to a selected second 
t sources heats at least some 



15 5113. The method/of claim 5jl 1 2, wherein the/one or more heat sources comprise at 
least two heat souroes, and wmerein superposition of heat from the at least two heat 
sources pyrolyzes at least some hydrocarbons/within the selected first section of the 
formation, and ^Herein gnpfforr^rm nl l hpatjffmm the at least two heat sources heats at 
least some hydrocarbons wifthin the selected/second section to a temperature less than the 

20 average tempemrure within the pyrolysis zone. 



51 14. The method of claim 5112, wherein at least some heated hydrocarbons within the 
selected second section flJow into the pyrolysis zone. 

25 5115. The method of claim 5112, wherein the heat decreases the viscosity of at least 
some of the hydrocarboms in the selected second section. 



30 



5116. The method of dlaim 5112, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected first section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected first section. 
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5117. The method of claim 5112, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected second section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected second section. 



10 



15 



5118. The method of claim 5112, wherginjhe heat is provided such that an average 
temperature in the selected first secfityi rangesyfrom approximately about 270 °C to about 
400 °C. 



5119. The method 
temperature in the 
about 250 °C. 



of claim 5112, wherein the 



d secondf section rangfes from approximately about 180 °C to 



5121. The met 



20 comprises an ele 




leat is provided such that an average 



5 120. The method /of claim 5 1 J 2, wherein a viscosity of at least some of the 
hydrocarbons in the selected second section ranges from approximately about 20 
centipoise to about 1000 centipoise. 



>d of claim 5112, wherein at least one of the one or more heat sources 
trical heater located in the Formation. 



25 



5122. The method of claim 5112, wherein at least one of the one or more heat sources is 
located in a heater well, anfl wherein at least one of the heater wells comprises a conduit 
located in the formation, and further comprising heating the conduit by flowing a hot 
fluid through the conduit. I 



30 



5123. The method of claim 5112, further comprising: 

monitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 

composition of the produced mixture. 
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5124. The method of claim 5123, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5125. The method of claim 5 123, wherein the pressure is controlled such that pressure 
5 proximate to the one or more heat sources is greater than a pressure proximate to a 

location where the fluid is produced. 

5 1 26. The method of claim 5 1 22, wherein the pressure in the selected second section is 
substantially greater than the pressure^kfthe sheeted first section. 

10 

5 127. The method of cl£im ^/l2, wherein at l^ast some of the heat sources are arranged 
in a triangular pattern. 

5128. The method of claim 5112, wherein an/ average distance between heat sources in 
15 the selected first secupn is less thai? an average distance between heat sources in the 

selected second secfipn. 

5 129. The methqd /of claim 5jJ ^ja^ er e in/t heJigat is provided to the selected first 
section before he£t/is provided jfo the selected second section. 

20 

5 130. The method of claim 5jl 12, wherejfn the selected first section comprises at least 
one production well. 

5131. The method of claim 5112, wherein the selected first section comprises a planar 
25 region. 

5 132. The method of claim 5112, wherein at least one row of the heat sources provides 
heat to the planar region/ 



30 5 133. The method of claim 5112, wherein at least one ring comprising the heat sources 
provides heat to the selected first section. 
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5 1 34. The method of claim 5133, wherein at le^st one ring comprising the heat sources 
provides heat to the selected second section. 

5 5135. The method of claim 5133, wherein the ring comprises a polygon. 

5136. The method of claim 5133, wherein the ring comprises a regular polygon. 



10 



5137. The method of claim 5133, wherein the rii 



g comprises a hexagon. 



5138. The method of claim 5J33, wherein the ring comprises a triangle 



5139. A method for treating hydrocarbons in at least a portion of a coal formation, 

an average permeability /of less than about 10 millidarcy, 



wherein the portion ha: 
15 comprising: 

providing he^t/from three q'r more heat Sources to the formation; 
allowing thd hfeat to transfer from threef or more of the heat sources to a selected 
section of the fonnatijon such that heat from tile heat sources pyrolyzes at least some 
hydrocarbons witftii Wtho G o lc rtSo'section, and at least three of the heat sources are 
20 arranged in a substantially triangular patternf, and 

producing ^mixture comprising hydrocarbons from the formation. 

5 140. The method of claim 5/139, wherein superposition of heat from at least the three 
heat sources pyrolyzes at leasj some hydrocarbons within the selected section of the 
25 formation. 



5141. The method of claim/ 5139, wherein the mixture is produced from a production 
well located in a triangular region created by at least three heat sources. 



30 5 1 42. The method of claim 5139, further comprising allowing heat to transfer from at 
least one of the one or moijb heat sources to the selected section to create thermal 
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fractures in the formation, wherein the thermal fractiif^ substantially increase the 
permeability of the selected section. 

5143. The method of claim 5139, wherein the he&t is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 
°C. 



5 144. The method of claim 5 1 39/wherein/at least onef of the one or more heat sources 



7 



comprises a electrical heater located in the formation 



5 145. The method off claim 5139, wherein at least <6ne of the one or more heat sources is 
located in a heater well/ and wherein at least one of the heater wells comprises a conduit 
located in the formation, and further/comprising tyeating the conduit by flowing a hot 
fluid through the conduit. 



5 146. The metMofd of claim 5139, wherein ay least some of the heat sources are arranged 
in a triangular p attern. 

5 1 47. The mdtMod of claim 5139, further comprising: 
monitoring a composition of the produced mixture; and 
controlling a pressure in at least a portion of the formation to control the 

composition of the produced mixture. 

5148. The method of daim 5147, wherein the pressure is controlled by a valve 
proximate to a locatioiy where the mixture is produced. 



5 149. The method of claim 5 147, wherein the pressure is controlled such that pressure 
proximate to the on© or more heat sources is greater than a pressure proximate to a 
location where the nuid is produced. 
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